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ADDENDUM. 
P..  167.    Footnote.    This  is  Af.  pubncens,  Haw. 

F.HRATTTM. 

P.  385.  line  6  from  the  bottom,  for    PegoUttia  dentata,  Ac."  read  "Iphiona 
DKMTATA,  Bolus,  n.  sp."  (Compo8it«9-InuloidetB.) 

P.  385.  line  6  from  the  bottom,  for  «*P."  read  "I." 

P.  386,  line  18.  for  *'  In  floral  Btmcture  nearest  to,  <feo.,"  read  *'  Nearest  to 
I.  baccharidi/olia,  lienth.  it  Rook.  distinct  by  its  much  narrower  and  more 
deeply-toothed  leaves,  much  more  numerous,  narrower  and  acuminate  involucral 
scales,  and  by  its  silky  achenes.    It  appears  to  be  rare." 

P.  407,  line  10,  for  fig.  1  read  fig.  2. 

P.  407,  line  12,  for  fig.  2  read  fig.  1. 

P.  411,  line  42.  for  "  Iniel "  read  "  Pniel." 
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PROCEEDINGS 


OV  THB 

SOUTH  Ai'MOAN  PHILOSOPHIOAL  SUOlEiY. 


Obdinabt  Moktrlt  Mbbtino. 

September  i>s,  1904. 

Dr.  J.  D.  F.  G1LOHBI8T,  President,  in  the  Ghur. 

Bar.  E.  Oobtz,  8. J.,  of  BnUwayo,  and  Mr.  E.  Ofpbhhbikbb, 
of  Eimberiey,  were  ncwninated  tm  ordinary  members  by  Messrs. 
J.  B.  Sunoir,  and  L.  PABmeuBT ;  Dr.  H.  Bbokbb,  o!  Qrahamstown, 
by  Dr.  8.  S(  h()nl  \nd  and  L.  FAbdiqubt;  Mr.  F.  Wan  by  Dr.  M. 

Wilson-  and  Db.  E.  Landsbbbo. 

Dr.  K.  Mablote  read  a  Note  on  a  new  South  African  Cypress^ 
CaUUris  schwanUf  Marl. 

The  two  species  of  Cypress  hitherto  known  from  South  Africa 
belong  to  the  genus  Widdrhifftonia,  which,  however,  is  now  mostly 
merged  into  the  genus  Callitris.  Until  recently  only  one  other 
species  of  Widdingtonia  was  known,  viz.,  W.  Commr.rsoni,  from 
Madagascar,  but  lately  a  fourth  species  has  been  found  by  Whvte 
on  the  Shire  Highlands,  called  by  Sir  H.  Johnstone  the  Malaoje 
Cedar. 

The  South  xVfrican  species  are  ('.  jiniiperoidcs,  the  so-called  Cape 
Cedar,  and  C  cuj>n\s.soidai,  the  Sapreehoui.  The  former  is  a  tree 
from  30  to  40  feet  high,  and  occurs  only  on  the  Cedar  Mountains, 
while  the  latter  is  only  10-12  or  raiely  15  feet  high,  but  is 
eommon  on  all  the  mountains  of  the  South- Western  districts. 
When  recently  he  heard  from  Mr.  E.  Schwabs  that  he  had  teen 
'*  Sapree  "  trees  in  the  BayiaansUoof  mountains,  which  were  60-60 
feet  high,  he  suspected  at  once  that  this  must  be  a  different  species, 
and  applied  to  the  Civil  Commissioner  at  Willowmore,  Mr.  Huoo, 
lor  some  ripe  cones.  Mr.  Huoo  having  gone  to  the  trouble  of 
procuring  these  for  hun,  he  was  enabled  to  ascertain  that  this  tree 
is  quite  distinot  from  the  common  C.  eupruaoidea.  The  cones 
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resemble  very  much  those  of  the  Cape  Cedar,  hut  the  seeds  are 
more  simihir  to  tliose  of  the  dwarf  species,  yet  ditTerent. 

Mr.  E.  IIuTCHiNS,  exhibited  Ivadium  Scintillations  in  Crook's 
Spinthariscope,  and  Professor  J.  C.  Beattie  made  explanatory 
remarks  on  the  exhibit. 

Mr.  A.  W.  BOOEBS  read  a  paper  on  "  The  Glacial  Conglomerale  in 
the  Table  Mountain  Series  near  Clanwilliam." 

This  oommunioation  is  an  extension  of  one  read  before  the  Society 
in  1901.  The  conglomerate  with  glaciated  pjebUes  has  now  been 
traced  through  a  distance  of  about  23  miles  near  Olanwilliam. 
There  was  formerly  some  doubt  as  to  whether  the  conglomerate 
was  really  interbedded  with  the  sandstones  and  shales  of  the 
Table  Mountain  group,  but  this  doubt  has  been  removed  by  the 
finding  of  the  conglomerate  on  the  downthrow  side  of  the  Augsburg 
&ult  but  on  the  same  horizon  as  in  the  Pakhuis  section. 

By  measurement  at  four  localities  the  conglomerate  is  now  known 
to  occur  at  the  base  of  the  shale  hand,  which  is  300  feet  thick,  and 
to  occupy  approximately  one-third  of  that  band.  Passages  into 
))oth  the  underlying  sandstone  and  the  overiying  shale  have  been 
observed. 

The  relationship  of  the  shale  band  to  tho  other  parts  of  the 
formation,  and  the  conditions  under  which  the  Table  Mountain 
aeries  was  forined  are  discussed. 

The  following  papers  were  taken  as  read  : — 

"  South  African  Veibenacefio — Supplementary  note/'  by  H.  H.  W. 
Pearson. 

•'  i'  urtlier  Note  on  Factorisable  Continuants,"  by  Thos.  Muib. 
"  South  African  Hymenoptera,"  by  P.  Cameron. 
On  the  Structure  of  the  Endothiodont  Beptiles,"  by  B.  Bboom. 


Obdinabt  Monthly  Mebtenq. 
October  26,  1904. 

Sir  David  Gill,  K.C.B.,  F.B.S.,  Vice-President,  in  the  Chair. 

Rev.  E.  GoKTz,  Dr.  H.  Becker,  and  Messrs.  E.  Oppenhbiiibb 

and  F.  Weir,  were  elected  ordinary  members  of  the  Society. 

Mr.  13.  E.  0'Me.\ra  was  nominated  for  election  by  Messrs.  J.  B. 

Sutton  and  L.  Perinquey. 

Professor  11.  11.  W.  Pearson  exhibited  two  botanic  sjiecimens: — 
I.  AicU'jjiis  mouaccnithus,  Carniich.,  a  fruitin;^  specin)en  from 

a  locality  neai-  Viottenburg  Station,  in  the  Stelienbosch  District. 
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This  species  has  a  very  local  distribution,  and  until  quite  recently 
has  been  represented  by  incomplete  specimens,  if  at  all,  in  South 
African  Herbaria.  The  male  plant  appears  never  to  have  been 
collected.  It  presumably  exists,  since  the  seeds  of  the  plant 
exhibited  appear  to  be  fertile. 

II.  Utncidaria  sp.  This  small  species  was  found  on  Muizenberjf 
Mountain,  in  the  Cape  District,  at  about  400  feet.  It  is  neither 
U.  rapensis  nor  U.  lirida,  the  only  two  species  which,  according 
to  local  records,  occur  on  the  Cape  Peninsula.  It  was  suggested 
kiiftt  it  might  be  U.  EckUmii,  or,  failing  this,  probably  a  new  Bpeoies. 
The  ftpedmens  exhibited  showed  the  leaves,  stolons,  and  '*  bladders."* 
in  addition  to  flowers  and  oapsnlee. 

Dr.  MiBLOTH  exhibited  a  speoies  of  aloe,  fdond  on  the  high 
mountains  near  f^wnohhoek.  He  said  that  this  was  a  new  and 
undesoribed  species.  The  Bpedal  interest  which  it  possessed  for 
botanists  was  the  locality  where  it  was  found.  The  speoies  of 
aloe  and  of  the  allied  genera  Haworthia  and  Oasteria  were  Eastern 
forms,  and  did  not  belong  to  the  Cape  flora  of  the  South-west. 
Owing  to  their  succulent  leaves,  they  were  specially  adapted  for 
edstenoe  in  districts  with  dry  periods,  but,  although  the  Western 
dry  snmmer  suited  them  very  well,  the  winter  was  too  wet  for  them, 
and  many  when  planted  decayed  during  the  wet  and  cold  weather. 
He  drew  attention  to  the  great  defect  in  our  knowledge  of  the 
occurrences  and  distribution  of  these  plants  in  the  country,  the 
habitat  of  most  of  them  being  given  as  South  Africa.  Any  one 
finding  plants  of  these  succulents  would  greatly  assist  in  increasing 
the  knowledge  of  the  distribution  by  sending  specimens,  with  or 
withont  tltjwers. 

Professor  J.  C.  BbatTIB  made  a  short  communiculion  of  the 
metluxls  adopted  for  the  determination  of  radio-activity.  He  had 
had  two  specimens  of  earth  or  mud,  Csledon-  Baths  spring  deposits, 
submitted  to  him  by  Mr.  Schwabs,  tmt  he  had  not  yet  completed 
his  investigations. 

Mr.  Brhwt  H.  L.  Schwabs  gave  a  commnnioation  upon  "  The 
Bocks  of  Tristan  d'Aennha,  bronght  back  by  H.M.8.  Odin,  Com- 
mander PkABOH,  RN.,  and  their  bearing  on  the  question  of  the 
Fsrmanence  of  Ocean  Basins.'* 

Throng  the  ooortesy  of  Commander  Pbabob,  of  H.M.8.  Odin, 
a  number  of  specimens  were  recently  obtained  for  the  South  African 
Huaeum  from  the  island  group  of  Tristan  d'Acunha.  The  islands 
are  described  in  the  Challenger  Eeports,  and  from  the  accounts 
published  in  them  it  is  evident  that  while  Inaccessible  Island  and 
Tristan  d'Aounha  itself  are  ordinary  volcanic  islands,  Nightingale 
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IiUmd  is  a  gigantic  agglomerate  neok  like  those  that  the  author 
has  described  from  Qriqnaland  East,  on  the  flanks  of  the  Drakens- 
berg  Moimtains.  Two  rooks  of  a  type  tmnsoal  to  Tokanio  islands 
were  brought  back  by  the  expedition,  and  these  call  for  a  review 
of  the  facts  already  known  about  Oceanic  Tslande.  Of  the  two 
rooks  in  question  one  was  a  white  mica  and  biotite  gneiss,  from 
Tristan  d'Aonnha,  the  other  a  lava  containing  foreign  fragments 
from  Nightingale  Island.   In  the  Falkland  Islands  a  number  of 
rocks  are  found  which  are  not  only  similar  to  the  South  African 
Bokkeveld  Beds,  but  the  fossils  contained  in  them  are  the  same. 
An  identical  fauna  is  found  in  Devonian  rocks  in  South  and  North 
America,  and  it  appears  certain  that  the  land  from  which  the 
sediment   was   derived,   which   now  contains  these  fossils,  was 
continous  through  a  great  arc,  from  Capo  Town  to  Soutii  ;imi 
North  America.    The  European  Devonian  fossils  are  quite  ditierent. 
The  huul  connection  between  Africa  and  South  America  is  confirmed 
by  the  evitlence  of  the  Jurassic  Beds,  and  by  the  distribution  of 
living  animals.    It  is  from  a  base  made  up  of  rocks  which  went 
to  form  this  old  continent  that  the  volcanic  cones   of  Tristan 
d'Acunha  and  Inaccessible  Island  rise,  and  throu^'h  which  the 
rocks   burst   that    now  go    to    form   tlie  agglomeiate  plug  of 
Nightingale  Island.    St.  Paul's  Bocks,  in  mid-Atlantic,  the  Island 
of  Bockall,  of  Mayo,  in  the  Gape  Verde  Islands,  the  Canary 
Islands,  Ascension,  South  Georgia,  and  Gaussberg,  in  the  Antarctic, 
all  contain  rocks  of  a  distinctly  continental  type,  as  well  as  the 
more  conspicuous  volcanic  ones.   In  the  West  Indies  there  is  also 
evidence  that  the  volcanic  islands  rise  from  a  submerged  continental 
ridge.  There  are  »  number  of  legendary  islands — ^Atlantis,  AntiUa, 
Brasfl,  and  the  famous  Island  of  8t.  Brandan — which  are  supposed 
to  have  sunk  beneath  the  water  in  comparatively  recent  years, 
but  it  is  certain  that  these  must  owe  their  origin  to  pure  invention. 
In  the  Pacific,  New  Caledonia  is  entirely  of  a  continental  type,  but 
recently  the  truly  volcanic  islands  of  Fiji,  which  have  been  thought 
to  be  purely  volcanic,  have  been  shown  to  be  built  on  a  platform  of 
old  sedimentary  beds.    The  Solomon  Islands  and  the  New  Hebrides 
have  likewise  yielded,  on  close  examination,  extensive  areas  of  old 
sedimentary  rocks.    The  Tonga  Islands,  though  no  old  sedimentaries 
show  above  sea-level,  nevertheless  the  fine  ash  thrown  out  from  the 
volcanoes  shows  that  beneath  the  cones  there  arc  the  same  types 
of  rocks  as  in  Fiji  and  New  Caledonia.    Xon-volcanic  material 
brought  up  in  the  pipes  of  volcanoes  is  known  from  Italy,  Germany, 
Scotland,  and  South  Africa,  and    these   alford   evidence  of  the 
remarkably  cool  nature  of  some  vulcanic  outbursts.    In  South 
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Africa,  the  Kiinberley  volcanic  pipes  must  have  brought  the 
diamonds  to  the  surface  embedded  in  a  cold  iiiatrix,  for  Luzi  found 
that  on  keepin}^  diamonds  in  a  mass  of  melted  blue-ground  for  half 
an  houi  the  diamonds  were  intensely  corroded.  Chaper  thought 
Uiat  the  diamond  pipes  were  formed  by  the  escape  of  cold  gases, 
Uke  in  tibe  oaae  of  oakbimti  of  sand  in  petzolenm  areas.  The  reeent 
diaoovecy  <^  tha  Gennan  Soulh  Polar  sh^  Qaun  of  qnarti  sand 
in  nud-Ailantio  pdnts  to  a  similar  oatbanl  beneath  the  sea.  In 
SeoHand  and  Qennany  volcanic  vents  are  filled  with  limestone, 
whieh  is  hardly  at  all  altered  by  heat,  and  the  theory  that  volcanoes 
are  pipes  vsaehing  to  the  mdten  interior  of  tlie  earth  must  be 
abandoned.  In  Baviaan's  Kloof,  in  the  Oape  CSolony,  there  are 
large  areas  of  Table  Monntain  sandstone,  crashed  up  to  the  finest 
rook  meal,  and  if  the  material  had  been  more  fusible  the  rock 
would  have  melted,  and  a  volcano  would  have  been  produced.  The 
Drakensberg  volcanoes  lie  in  a  line  of  movement  in  the  crust,  and 
it  is  almost  certain  that  the  crashing  that  took  place  along  this  line 
melted  the  rocks,  and  thus  produced  the  lavas.  In  the  case  of  the 
Sutherland  and  Kimberley  volcanoes,  the  vents  lie  on  the  north 
of  the  Kan-oo,  the  southern  end  of  which  is  folded,  the  centre  being 
occupied  by  dolerite  intnisions ;  it  is  evidinit,  therefore,  that  the 
expansion  which  tiie  heated  dolerite  producc^d  in  the  Karroo  rocks 
found  relief  by  buckling  in  the  south,  and  shearing  and  consequent 
production  of  volcanoes  on  the  north.  It  is  tims  plain  that 
volcanoes  and  volcanic  islands  must  have  a  Ijase  of  older  rocks, 
and  that  it  is  the  melting  of  these  that  produces  them.  It  is  also 
proved  that  the  lavas  are  not  magmas  brought  for  the  first  time  to 
the  snrfaoe  of  ihe  (^ohe  from  profonnd  depths.  Professor  Yogi's 
reseatefaes  show  (hat  the  original  rocks  of  the  earth's  crost,  those 
that  do  oome  from  great  depths,  are  altogether  difforsnt  in  nature  to 
the  voleanic  series. 

Obdinaby  Monthly  Mebtino. 
Noven^  SO,  1904. 
]>r.  J.  D.  F.  QiLOHRisT,  President,  in  the  Chair. 

Messrs.  B.  E.  A.  O'Meaka,  and  ii.  Pollitt  were  elected  ordinary 
members.  Miss  Inez  Stebbins,  B.A.,  and  Mr.  E.  E.  Ualpin, 
F.L.S.,  were  nominated  for  election  by  Dr.  Bolus  and  Professor 
H-  M.  Pearson,  and  Dr.  Flint  and  L.  P^ringuey. 

Mr.  E.  HuTCHiNS  spoke  on  the  recent  developments  on  the 
adoption  of  the  Metric  System,  and  announced  his  intention  to 


Digitized  by  Google 


I 


vi     Tramactiam  of  t/ie  South  African  Philosophical  Society. 

move  a  resolution  in  foyoor  of  the  adoption  of  the  same  at  the  next 
Meeting  of  the  Society. 

A  paper  by  Dr.  B.  Bboom  on  *'The  Stmotore  and  Affinities  of  the 
Endothiodont  Beptiles "  was  read.  Dr.  Bboom  opposes  the  view 
of  Professor  Sulbt  that  TrUylodon  was  a  Tberiodont.  His  most 
important  argument  is  that  the  structure  of  the  molars  proves  that 
there  was  an  anteroposterior  motion  for  the  mandible»  and  that 
this  movement  would  only  be  possible  with  the  mammalian  type 
of  articulation. 

^rr.  A.  L. <DU  ToiT  read  a  paper  on  the  "Forming  of  the 

Drakensberg." 

The  Drakensberg  is  the  edge  of  a  great  elevated  tract  of  country 
built  up  of  the  sedimentary  rocks  of  the  Stormberg  formation  and 
capped  by  a  great  thickness  of  volcanic  material. 

The  sediments  were  deposited  in  a  great  shallow  lake,  whose 
shore-line  stretched  where  the  coast-ranges  of  the  south  of  the 
Colony  now  rise,  extending  eastwai^ds  into  the  Indian  Ocean  and 
then  uorlh-easiwards  parallel  to  the  coast-line  of  Natal.  This  old 
land  sui-face  was  formed  of  quartzite  of  grauile  and  metamorphic 
rocks. 

The  yoleanio  material  was  poured  out  from  an  immense  number 
of  Toleanio  pipes  and  consist  almost  entirely  of  haste  lavas  with 
oecasional  beds  of  volcanic  ash»  the  flows  being  at  first  sub-aqueous 
in*  character. 

At  the  dose  of  the  eruptions  the  area  was  affected  by  two  sets  of 
gentle  folds  and  intermittently  elevated.  Through  depression  in 
the  south-east  the  old  Und  surface  disappeared  beneath  the  waters 
of  the  Indian  Ocean* 

By  the  action  of  rivers  three  marked  plains  ci  erosion  were 
pro  lun  d  at  different  altitudes,  each  marking  a  period  of  zest 
followed  by  a  period  of  elevation. 

The  present  escarpment  of  the  Drakensberg  which  runs  con- 
tinuously for  over  300  miles  is  due  to  the  regular  and  rapid 
erosion  by  the  numeroiis  streams  flowing  into  the  Indian  Ocean. 


Obdi^ary  Monthly  Mkbtinc. 
Februdry  22, 1905. 
Dr.  J.  D.  F.  QfLOBBiBT*  President,  in  the  Chair. 

• 

Messrs.  A.  H.  Wax&ib,  District  Engmeer,  C.O.B.,  was  nominated 
for  election  by  A.  Toumq  and  L.  PAbdioubt;  A.  Maooo,  Mining 
Kngineer,  by  B.  Mabloth  and  L.  PtemouBT;  W.  B.  Dbwab, 
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Government  Entomologist,  O.R.C.,  by  J.  Lyle  nnd  L.  P^iringuey; 
P.  C.  Keytel,  Cape  Town,  by  L.  P^kinouey  and  J.  D.  F.  Gil- 

CHitlST. 

Miss  Inez  Stebbins,  B.A.,  and  Mr.  B.  E.  Galpin,  F.L.S.,  were 
elected  ocdinacy  members. 

Mr.  B.  HuTOBiNS  spoke  «k  length  in  favonr  of  the  adoption  in 
the  Oape  Colony  of  the  Metric  System,  and  it  was  resolved  that 
*'a  representative  committee  of  the  Philosophieal  Society  wait  as 
a  depntaticm  upon  the  HonooraUe  the  Piemier  to  urge  the  in- 
troduction of  a  Bill  to  legalise  the  Metric  System  of  weights  and 
meaenrss,  and  to  provide  for  the  compulsory  adoption  of  the  System 
on  it  being  adopted  by  the  British  Parliament." 

The  following  paper  was  read : — 

"Some  Besnlts  of  Observations  made  with  a  Black  Bulb  Ther- 
mometer  m  vacuo,"  by  J.  R.  Sutton,  M.A,,  F.B.Met.S. 

T)ie  object  of  tiiis  investigation  is  chiefly  to  ascertain  some  of 
the  effects  of  various  meteorological  influences  upon  the  indications 
of  a  black  bulb  thermometer  in  vacuo  at  Kimborley.  The  highest 
temperature  observed  during  the  seven  years  1H97-1903^  was 
170.5°;  the  annual  average  is  almost  138°;  the  highest  monthly 
mean  is  153-3°,  in  December;  the  lowest  118-8",  in  June 
and  July.  Days  of  high  temperature  in  the  sun  are  often  dusty. 
A  comparative  investigation  of  tlu;  different  meteorological  elements 
shows  that  the  highest  tempemtures  in  the  sun  occur  when  the 
sky  is  about  half  clouded.  When  the  sky  is  dear,  the  excess 
temperature  in  the  sun  above  that  in  the  shade  decreases  as  the 
quantity  of  aqneons  vapour  in  the  air  increases.  It  also  increases  as 
the  humidity  increases.  Erom  which  superficially  antagonistio  facts 
the  author  draws  the  condusion  that  while  the  aqueous  vapour 
abeorbe  the  solar  heat,  the  return  terrestrial  radiation  is  interoqyted 
to  an  extent  dependent  upon  the  humidity  of  the  air.  The  results 
obtained  for  Eimberley  admit  of  a  satishctory  comparison  with 
those  obtained  in  the  Himalayas  and  dsewhere.  The  tiieory  of 
Tyndall  bas^  upon  the  absorbing  properties  of  aqueous  vapour, 
and  that  of  S.  Arrhenius  based  upon  the  abscffbing  properties  of 
carbonic  acid  are  also  considered. 


Ordinary  Monthly  Meeting. 

March  29,  1905. 

Di .  J.  D.  F.  GiLOHBiST,  President,  in  the  Chair. 
The  following  nominations  were  made:  Messrs.  J.  Cornish 
JBowDBN,  of  Gape  Town,  by  Mr.  £.  Hutobinb  and  Professor  H. 
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H.  W.  Peahson  ;  L.  MacLean,  of  Cape  Town,  by  Mr.  E.  Hutchins 
and  L.  Pekinguey  ;  Franklin  White,  of  Biilavvayo,  R.  Orpen, 
M.L.A.,  of  Douglas,  L.  E.  Taylor,  of  Johannesburg,  by  Messrs, 
W.  L.  ScLATER  and  L.  Teringuey;  J.  W.  Jagger,  M.L,A.,  of  Cape 
Town,  by  Dr.  J.  D.  F.  Gilchrist  and  L.  P^rinquey. 

Messrs.  A.  H.  WaIiLIS,  A.  Maoco,  W.  B.  Dbwab  and  P.  E. 
Kbttbl  were  eleoted  oidinary  membera  of  the  Society. 

A  paper  on  **  Besolte  of  Eipetiments  on  TaUe  Monntain  for 
Aaeerteining  the. Amount  of  Ifaifltme  deposited  fEom  the  Bontfa- 
Beet  Otonds "  wm  raed  by  Dr.  B.  Mabloth.  The  author  ttatee, 
in  oonelneion,  that  he  wiahea  to  point  ont  onoe  more  that  he  does 
not  consider  the  meesoiemento  given  in  his  oommnnioations  to 
zepreeent  real  lain&U.  In  his  first  paper  a  quantity  of  75  inehee 
mm  mentioned  for  a  certain  period,  while  the  taUe  of  the  present 
commnnication  shows  a  record  of  48  inches  for  <me  month.  Even  if 
90  per  oent.  of  this  quantity  is  discarded,  the  remaining  10  is  still 
very  largely  in  excess  of  the  rainfall  recorded  on  the  ordinary  gauge. 
The  most  sceptical  critic  most  admit  that  this  quantity  of  water 
gathered  during  the  dry  season  of  the  year  must  exercise  a  con- 
siderable influence  on  the  vegetation  of  the  mountains  as  well  as 
on  the  springs. 

A  coniniunication  from  Mr.  J.  T.  Jonx^riN  "  On  the  Discovery 
of  a  Large  Number  of  Stone  Implements  of  Palieolithic  Type  at 
Yereenigmg,  Transvaal,"  was  taken  as  read.  The  author  describes 
and  figures  several  types  of  stone  implements  of  palaiolithic 
type,  some  of  which  he  considers  to  he  verging  on  the  neohlhic. 


Obdikabt  Monthly  Mbbtimo. 

Apnl  26,  1905. 

Dr.  J.  D.  F.  GiLCBBiBT,  President,  in  the  Chair. 

The  following  nominations  were  made:  F.  M.  Mommie,  M3., 
Ci^  Town,  by  Dr.  J.  Mabbblt  and  L.  PAbqioubt;  F.  J. 
liAWBBHOB,  Bteytlerville,  by  W.  L.  Sglatbb  and  L.  BABorouBr; 
J.  Dbnham,  and  Dr.  G.  W.  Robertson,  by  W.  L.  Solatbb  and 

L.  P6RINOOTY;  J.  Burtt  Davy,  F.L.8.,  by  Dr.  H.  6oi«U8,  and  Dr. 
J.  D.  F.  Gilchrist;  T.  A.  Shbppabd,  and  A.  BoooMO,  by  L. 

P6BINGUEY,  and  W.  L.  Sclater. 

Messrs.  A.  H.  Cornish  Bowden,  L.  MacLean,  Franklin  Whitb, 
E.  Orpen,  L.  E.  Taylor  and  J.  W.  Jaooeb,  were  elected  ordinary 
members  of  the  Society. 

Dr.  H.  Bolus  exhibited  some  new  plants,  several  of  them 
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«llected  at  Elim,  in  the  Bredasdorp  Distiict,  and  whieh  he  in- 
tend to  deseribe  in  fhe  TrmmdiUm, 

Mr.  J.  Stuabt  TBomoN  exhiUlad  %  ramai^Ua  ooUeetioii  of 
Gnislaoea  oolleeted  by  the  ss.  Piettr  Fawn,  wifth  yeML  notes  on 
their  cHstribntion,  Ae. 

Ifr.  G.  F.  JuBETS,  read  »  oommmueation :  "  Some  Notes  regarding 
Sooth  Afiioan  Phannaoology." 

Half  a  oentozy  ago  Papps  fredieted  that  amongst  the  Cape  Flora 
many  useful  drags  would  be  discovered,  and  he  deplored  the  laok  o< 
scientific  researah.  Since  then  there  had  been  scarcely  any  progress 
and  next  to  no  application  had  been  made  of  indigenoos  drags 
except  by  the  aborigines.  The  employment  of  plants  possessing 
physiological  action  by  native  "doctors"  had  led  to  many  in- 
dictments for  ciilpuble  homicide,  and  the  consequent  chemico-lerjal 
investigations  comprise  the  whole  extent  of  soientitic  inquiry  into 
the  nature  of  the  plant  poisons  of  tho  Colony. 

Up  to  the  present  the  only  published  record  of  chemical  in- 
vestigation dealing  with  any  of  these  poisons  is  Mr.  Isaac 
Meiriug's  notes  on  Mcsembrianthevium  tortuosum,  read  before  this 
Society  in  September,  1896. 

The  plants  mentioned  in  the  present  paper  liave  been  far  from 
exhaustively  examined,  either  chemically  or  as  to  their  physiological 
aotiaii :  aoly  so  much  scientifio  investigation  has  been  made  in  eaoh 
instance  as  proved  neoessary  to  eloddaits  the  pomts  required  to  be 
made  clear  for  legal  purposes. 

Under  this  restriction  the  following  plants  have  been  examined : 
TriehUia  Dregei,  E.  Mjvjrer,  which  was  said  to  have  caosed  the  death 
•of  a  Kafir  woman.  Slender,  needle-shaped  crystals,  not  of  an 
alkaloidal  natore,  were  obtained  from  this  plant. 

Metembrianihemtm  tortuoium,  L.,  appeared  to  contam  an  essential 
•cnl  which  possessed  a  peppermint-lflLe  odoor.  The  plant  was 
apparently  soporific,  caused  dilation  ol  the  piq»il  of  the  eye  and 
lessened  the  sensibility  thereof. 

An  undescrihed  species  of  Gomphocorput  was  tested  physio- 
logically with  negative  results. 

Fairly  exhaustive  tests  were  applied  to  needle-shaped  crystals 
which  constituted  I  per  cent,  of  the  bark  of  the  "Umjela"  tree 
(Tal>ci)urmontaiui  rcnlricosa,  Hochst.)  which  is  said  to  ])osses9 
therapeutic  properties  rivalling  those  of  Quinine.  The  most 
characteristic  reaction  was  that  yielded  with  Vitali's  test,  namely, 
a  beautiful  crimson  lake  colour,  which  appeared  to  be  very  delicate. 
The  active  principle  seemed  to  be  an  as  yet  unknown  alkaloid. 

Au  uucrystallisable  principle,  apparently  an  alkaloid,  was  obtained 
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from  llie  bulb  of  Buplmnr  toxicaria,  Herb.,  which  was  the  cause 
of  death  of  two  Kafir  women.  The  bulb  contained  about  5  per 
cent,  of  this  alkaloid,  which  phy-^ioloj^ically  resembled  brucine  but 
diftered  therefrom  in  its  chemical  reactions. 

An  unideniitied  root,  which  brouf^lil  about  the  death  of  a  native 
woman,  yielded  1  per  cent,  of  a  resin  which  proved  very  rapidly 
&tel  to  mice. 

Several  ftraminationg  of  Acooanih&ra  venmMita,  Don,  have  been 
made,  ehemieal  and  physiological.  The  plant  is  highly  poisonoiis, 
paralysing  the  heart  in  systole.  The  moet  chaiaoteristio  test  for 
the  active  principle — evidently  an  nncryetalliBable  ^nooaide— 
appears  to  be  concentrated  snlphoric  acid,  which  prodnces  al  first 
a  yellow  colour,  changing  into  pink,  then  brick-red,  and  finally 
becoming  violet. 

A  very  energetic  poison,  probably  a  ^uooside,  was  found  in  an 
unidentified  bulb  from  Tsolo.  The  most  charaoteristio  phyaii^ogical 
action  appeared  to  be  on  the  liver,  which  becomes  much  congested 
and  softened.  Chemically  the  action  with  sulphuric  acid  is  very 
marked,  a  cherry-red  colour  being  produced,  Aha-ngtng  into  lake 
and  then  into  lifjht  pink. 

What  seemed  a  non-crystalline  ^jlucoside  was  extracted  from  an 
unidentified  plant  which  had  been  taken,  with  fatal  result,  by  a 
native  at  Nqamakwe.  Concentrated  sulphuric  acid  here  produced 
a  bnght  vermilion  colour,  becoming  in  turn  orange,  yellow,  and 
greenish  yellow. 

Au  acrid  resin  was  obtained  from  Polyijonum  tom^ntosurn,  var. 
glabrum.  With  sulphurio  acid  a  bright  pink  colour  was  produced 
changing  through  oherry-red  and  deep  lake  to  a  dirty  brown, 
and  then  fading  to  a  greenish  tint.  The  resin  acted  as  a  strong 
depressant ;  it  oonstitated  2^  per  cent,  of  the  dried  root. 

The  paper  concluded  vrith  an  dpiession  of  regret  that  such 
important  matters  of  research  were  only  entered  upon  as  side 
issues  to  criminal  trials,  and  urged  the  necessity  of  considering 
such  investigations  as  per  ee  the  recognised  functions  of  the 
Government  Analytical  Laboratories. 


Obodiabt  Mokthlt  Mbbtihg. 
May  81, 1906. 

Dr.  J.  D.  F.  GiLCHHisT,  President,  in  the  Chair. 

The  following  nominations  were  made:  II.  S.  IIauoer,  Johannes- 
buig,  by  E.  L.  L.  Scuwabz  and  L.  Pii;iUNau£Y;  Dr.  G.  Potts, 
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B.S.Ph.D.,  Bloemfontein,  by  J.  Lylk  and  L  P^:rinouky  ;  J.  S. 
Backhouse,  B.A.,  Cape  Town,  by  J.  Hammond  Tookk  and  J.  D,  F. 
Gilchrist  ;  F.  Pickekino,  Cape  Town,  by  M.  Wilson  and  L. 
P^ringuey;  Dr.  E.  C.  Long,  Maseru,  by  W.  L.  Sclatbb  and 
L.  Pebinquey. 

Messrs.  F.  M.  MoRitis,  F.  J.  Lawrence,  J.  Denham,  J.  Burtt- 
Davy,  p.  a.  Shbfpa&d,  a.  Bodonq,  G.  W.  Bobbbtson  were 
doetod  offdinaxy  members  of  the  Society. 

A  notioe  of  the  late  Dr.  B.  W.  Cohbh,  honoraxy  member  of  tbe 
8ooi6ty»  WB8  read  by  Mr.  E.  H.  L.  Schwabs. 

Pkofeasoir  Dr.  Emil  WOhehn  Ooben  was  born  in  Aakjaer,  Jutland, 
in  1849.  He  came  oat  to  the  Cape  in  1872  at  the  request  of 
Messrs.  D.  Lippert,  of  Hamburgt  to  make  a  thorough  eiamination 
of  the  diamond-fields ;  the  investigation  was  ktsr  undertaken  of  the 
gold-fields  of  Marabastad  and  Lydenburg.  During  his  stay  of  four 
months  in  South  Africa  he  sent  home  several  letters  to  Professor 
Leonhard,  wliich  were  published  in  what  is  now  known  as  the 
Neuet  Jahrbuioh,  in  one  of  which  there  is  the  first  suggestion  of 
the  volcanic  origin  of  the  Kimberley  ppes,  and  when  he  returned 
he  published,  in  the  same  Journal,  several  very  important  papers 
on  the  ^'eneral  geologA'  of  South  Africa,  under  the  title  "  Geognostisch 
petrographische  Skizzt  n  ;ius  Sud  Afrika."  The  diamond-tields  were 
described  in  the  Fiinfte  Jahresbi  richt  des  Vereins  fur  Erdkunde  zu 
Metz.  As  a  mineralogist  hu  investigated  the  diamondiferous  blue, 
the  Baud  banket,  the  Drakensberg  lavas,  and  many  other  typical 
South  African  rocks,  and  published  the  first  descriptions  of  them, 
Nvhile  later,  when  he  took  up  meteorites  as  a  speciality,  all  the 
known  South  African  falls  were  examined  by  him.  His  papers, 
throughout,  were  characterised  by  a  wish  that  he  should  see  more 
of  the  country  whioh  supplied  him  with  suoh  riflih  materials  for 
rssesiroh,  and  he  was,  thersbne,  overjoyed  to  reoeive  an  invitation 
to  visit  the  Gape  in  oonneotion  with  the  British  Association,  and 
geologists  in  South  Africa  were  hoping  to  welcome  the  protagonist 
of  many  of  the  great  controversies  which  still  oooiqpy  their  thoughts. 
At  the  time  of  his  death  he  was  engaged  in  the  description  of  the 
St.  Mark's  Meteorite,  the  property  of  the  South  African  Museum, 
i^iieh  was,  however,  suffioientiy  advanced  to  allow  of  its  completion 
by  his  friend  Dr.  W.  Deecke. 

Dr.  B.  Marloth  (•xhil)itc(l  sjiccirnens  of  an  undescribed  tree 
from  the  Boggeveld,  and  said:  This  plant  is  remarkable  for 
several  reasons: 

1.  Because  it  is  a  tree,  for  the  Koggeveld  is  known  as  an 
absolutely  treeless  country,  the  vegetation  consisting  of  low 
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bashes,  hardly  more  than  2  or  3  iset  high.   There  is  no 
other  wood  available  as  fuel  timn  such  bmshwood. 
12.  Because  this  is  a  species  of  Cliffortia,  or  a  new  genii«;  nearly 
allied  to  it.    But  the  genus  Cliffortia,  is  one  of  tlie  most 
characteristic  types  of  the  South-western  flora  of  the  Cape, 
hence  we  see  that  the  only  tree  of  the  pi'oup  occurs  as  an 
isolated  outlier  on  the  mountains  beyond  the  Karroo. 
3.  On  account  of  the  far  moie  xerophilous  structure  of  the  leaves 
than  on  any  other  species,  being  well  protected  against 
excessive  transpiration  by  a  thick  coat  of  peculiar  hairs, 
which  form  a  real  fur. 
The  tree  reaches  a  height  of  25  feet  and  has  a  trunk,  up  to 
90  inches  in  diameter.    It  grows  only  on  the  upper  edge  of  the 
Komsberg  (5,200  feet)  and  the  Soathem  end  of  the  Boggeveld 
mountains. 

The  ooIoiustB  oall  it  **  starboom,"  on  Moonnt  of  the  peenliar 
azrangement  of  the  leaves. 

It  is  probaUe  that  the  thiok  for  on  the  leaves  absorbs  mdstuve 
from  the  elouds  whieh  strike  against  the  edge  of  the  moontains 
in  their  northward  eouzse,  and  that  this  has  enabled  *the  tree  to 
remain  in  this  particular  locality  as  one  of  the  few  traces  of  a 
formerly  moister  climate  and  a  wider  stretch  of  the  zeal  Oape 
flora. 

Mr.  L.  PlBOtouET  read  a  Note  on  the  agent  of  a  new  **  Myssis," 

or  disease  caused  hy  flies  : — 

About  a  fortnight  ago  Dr.  Asliley-Einile  asked  him  to  examine 
some  minute  gruhs  wliich  he  had  brought  from  Northern  Rhodesia, 
and  which  he  thought  were  the  cause  of  tliis  \ery  nasty  disease 
called  the  Veld  sore,  and  also  Natal  or  Delagoa  Bay  sore.  On 
examination  it  was  found  that  the  Doctor's  surmise  was  justified 
— the  ;^ruhs  proving  to  be  those  of  a  Dipterous  Fly.  They  are  very 
nii?uite  ;  the  l)()dy  segments  are  covered  with  sharp  hooked  spines, 
enahling  the  gruh  to  hold  firmly  where  it  has  penetrated,  and  the 
animal  would,  in  this  wise,  cause  a  very  great  irritation.  It  is 
totally  unlike  the  grub  of  Beiujucyclla  deprcssa  deposited  on  the 
body  of  man,  or  even,  it  is  said,  of  dogs  in  Natal,  the  Transvaal, 
Delagoa  Bay,  and  also  in  Senegal,  and  which  be  had  on  two 
occasions  brought  to  the  notice  of  the  Society.  As  Dr.  Ashley- 
Emile  intends,  however,  to  bring  out  his  discovery  of  the  agent 
of  this  new  myasis  before  a  medical  society,  he  refrained  to  add  any 
more  details  on  these  grabs,  but,  while  endeavouring  to  ascertain 
the  identity  of  the  animal,  he  found  that  Livingstone  had  been  a 
victim  of  a  fly,  not  identical  with  but  similar  to  that  discovered  by 
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r>r.  AsUey-Emile.    The  larva  exteticted  from  LivingsiCMie'B  leg 

by  his  companion,  Dr.  J.  Kirk — later  on  Sir  John  Kirk — ^was  given 
by  him  to  Cobbold,  and  deposited  by  the  latter  in  the  Collection  of 
the  Royal  Collefje  of  Rurfjeons.  It  has  been  figured  by  Blanchard, 
and  the  drawings  were  exhibiletl. 

A  paper,  "  Notes  on  Semicircuiauts/'  by  Thos.  Mom,  LL.D.,  was 
read. 

Dr.  Marloth  read  a  short  paper  on  "  Further  Observations  on 
Mimicry  among  Phmts,  '  from  which  he  draws  the  conclusion  that 
those  plants  which  are  best  hidden  on  the  bare  veld  owing  to  their 
colour  and  shape  have  the  best  chance  of  escaping  destruction, 
while  others  which  are  more  conspicuous  on  the  ground  will  be 
more  readily  deteetod  and  eaten  up,  and  that  the  theory  of 
eoiooideiioes  is  haidly  admissible. 

Mr.  J.  Stbwabt  read  an  abetraet  of  a  paper  by  J.  B.  Suttok 
on  **The  yariation  of  the  Honrly  Meteoiologiaal  Normals  a^ 
Eimberley  during  the  passage  of  a  Barometanc  Depression." 

He  stated:  This  paper  is  the  result  of  an  attempt:  (1)  to 
detennine  the  Taiiatbn  of  the  hourly  normals  of  the  more  important 
meteorological  elements  at  Kimberley  introduced  by  the  passage  of 
a  barometric  depression  ;  and  (2)  incidentally  to  learn  something 
of  the  oonditions  prevailing  in  the  depression  itself.  The  in- 
yestigation  is  based  almost  entirely  upon  observations  made  at  a 
single  station,  informaticm  snitable  for  the  oonstroction  of  synoptic 
charts  not  being  available. 

The  ordinary  depression  may  last  any  time  from  a  day  to  a  week, 
and  the  winds  generated  may  blow  with  any  velocity  up  to  35  miles 
an  liour,  and  perhaps  to  50  miles  an  hour  in  occasional  gusts. 
When  they  first  become  noticeable  to  all  by  reason  of  the  strength 
of  the  wind,  they  set  in  with  warm  and  discomforting  gusts  from 
the  North  or  North-west,  and  pass  away  with  cool,  steady  winds 
from  South-west  or  South.  They  often  bring  light  showere,  but 
not  often  heavy  rain.  Frequently  the  approach  of  the  centre  or 
trough  is  heralded  by  clouds  of  dust;  but  it  is  remarkable  that 
equally  strong  winds  in  the  rear  of  the  oentre -seldom  raise  any  dost 
to  spe^  at  • 

A  selection  of  105  depressions  has  been  made  from  those  which 
passed  over  Eimberiey  in  the  six  years,  1898-1908,  and  the  hourly 
changes  of  pcessure,  temperature,  Tapoor-tension,  ram,  and  wind, 
in  them  compared  with  the  normal  averages  of  the  same  elements. 
The  pS'Pcr  being  chiefly  preliminary  to  a  more  extended  treatment 
later  on,  no  distinction  at  this  stage  has  been  thought  necessary 
between  the  diffisrent  tfpw  of  depression. 
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Winter  depreBsions  are  larger  and  more  pronounced  than  those 
of  summer;  Imt  at  no  time  am  1^  at^Snaxy  diurnal  emrvee 
obliterated,  although  they  are  modified  in  a  veiy  intereating  way 
by  baxometrie  diatnrbanoea.  The  average  maiimmn  deviatbn  €i 
presamre  from  the  mean,  in  the  106  eaooo  made  use  of,  is  just 
about  one>seventh  of  an  ineh.  Direotly  in  front  of  the  trough  ol 
a  depression  the  temperature  averages  V  higher  than  usual ;  there 
is  a  slight  increase  of  the  vapour  contents  of  the  air,  and  of  the 
clouds.  In  the  immediate  neighbourhood  of  the  trough  the  velocity 
of  the  wind  increases  considerably ;  also  the  rain-frequenoy  and 
intensity  are  both  greatly  augmented.  In  the  rear  of  the  depression 
it  is  colder  and  drier,  and  the  wind,  tliough  strong,  is  steadier  and 
less  dusty.  The  paper  shows  that  the  variations  in  the  velocity 
of  th(>  wind  may  be  partly  explained  as  a  combination  of  the  normal 
winds  with  the  cyclonic  winds  of  the  depression. 

The  curve  showing  the  variation  of  tlie  resultant  wind-direction 
during  the  passage  of  a  depression  is  of  much  interest.  It  seems 
that  the  east  component  is  very  little  affected,  and  that  the  departure 
from  the  mean  falls  almost  entirely  u\X)n  the  north  component. 
Taken  in  conjunction  with  the  fact  that  the  east  component  curA'e 
is  essentially  a  curve  of  temperature,  this  result  is  important. 
Another  result  is  that  the  extremity  of  the  direction-resultant  veei*8 
at  all  timee  in  conformity  witii  the  normal  eorve.  The  prevailing 
dueotion  of  motion  of  these  depressions  is  from  south-west  to 
noflh-east  aoross  the  central  tableland,  and  they  reaeh  Simberley 
end  Durban  some  twenty  to  forty  hours  alter  passing  over  Oape 
Town. 

Obdotabt  Mohthlt  Mbbtino. 

June  28,  1905. 
Dr.  J.  D.  F.  GuiCHBiST,  President,  in  the  Chair. 

The  following  nominations  were  made  :  Messrs.  J.  G.  Caink, 
Cape  Town,  by  £.  H.  L.  Schwarz  and  A.  L.  du  To  it  ;  J.  noLUOTT 
DabIiXNO,  Bulawayo,  by  W.  L.  Sclatrr  and  L.  Pj^BOfGinT;  J. 
Jeppb,  Cape  Town,  by  R.  M.\rloth  and  L.  PSuinquey. 

Messrs.  H.  S.  Hakger,  Dr.  G.  Potts,  .1.  S.  B.\ckhou8e,  F. 
PicKEiiixG,  and  Dr.  E.  C.  LoMO  were  elected  ordinary  memheis 
of  the  Society. 

Mr.  \V.  L.  ScLATER  exhibited  the  remains  of  the  boundary  beacon 
erected  on  the  Zeekoe  Kiver,  in  what  is  now  the  Colesberg  District, 
in  the  year  1778,  by  the  Governor,  Joachim  van  Plettenberg.  The 
remains  of  the  stone  bearing  the  aims,  date,  and  part  of  the  name  of 


Digitized  by  Google 


MinuUet  of  Proeeedingt, 


XT 


ihe  Governor,  were  found  some  years  ago  by  Ifeosrs.  Murray  Bros., 
of  Quaggafontein,  Colesbacg  IKriskm,  and  have  reoaoily  been  placed 
in  the  South  African  Mmeiini. 

Mr.  A.  W.  B00EB8  read  a  paper  on  the  *'  Volcanic  Fissure  under 
Zuurberg."  On  the  south  flank  of  Zuurberg  the  Uitenhape  hods 
are  faulted  down  against  the  folded  rocks,  forming  the  Zuurberg. 
The  fault  runs  nearly  parallel  to  the  strike  of  the  older  formations, 
the  Wittberg  quartzite  and  the  Dwyka  series.  The  fault  between 
Enon  and  Duncairn,  a  distance  of  19  miles,  is  marked  by  a  belt 
of  volcanic  rocks,  lava,  tuffs,  and  breccias,  varying  in  width  from 
100  yards  to  over  a  mile.  Three  definite  necks  of  tuff  and 
breccia  have  been  recognised,  hut  the  eruption  took  place  along 
the  whole  line  in  such  a  way  that  the  lavas  are  at  places  full  of 
tu£f  fragments,  but  the  tuffs  do  not  contain  pieces  of  the  lava. 
Where  the  voloanio  rock  does  not  appear,  as  on  Waggwa 
vomL  the  Tooln  immediately  on  the  upthrow  lide  of  the  UxHt  are 
Bhattered;  a  peifeet  seriee  of  gradations  from  solid,  nnbioken 
quartsiteB  to  qnartsite-bteoeia  with  a  matrix  of  the  same  snbstanoe, 
hm  been  observed  within  the  distance  of  90  yards.  These  laets 
oaD  to  mind  the  fthattftring  of  the  xochs  along  the  faults  on  the  north 
boondary  of  the  Uitenhage  ontliers  of  Willowmore  and  Uniondale, 
observed  by  Mr.  Sohwars,  and  they  probably  indieate  explosive 
aetion  along  the  lines  of  faulting. 

A  pi^Mr  on  the  Soath  Afrioan  Denoeanr  "Hartalotarsos"  by  Dr. 
£.  Broom  was  read. 


Annual  Obnnbaij  Mbbtino. 

AiiiiiLst  2,  1905. 

The  PiUssiDfiNT,  Dr.  J.  D.  E.  Gilohrist,  in  the  Chair. 

The  SBCBSTABr  read  the  General  Beport  for  the  year  1904-1906. 
The  Treasubeb  read  his  statement,  showing  a  balance  to  the 

credit  of  the  Society  of  £250  Ss. 

Dr.  J.  C.  BKATTm  was  elected  President  for  1005-1906,  and 
Messrs.  J.  D.  F.  Gilchrist,  C.  P.  Lounbbury,  H.  H.  W.  Pearson, 
L.  P^RiNQUEY,  and  W.  L.  ScLATBB,  were  elected  members  of  the 

Council  for  two  vears. 

ml 

The  Meeting  they  resolved  into  an  Ordinary  Meeting.  Mefisrs. 
J.  G.  Caink,  J.  FFOLijoTT  Darlihq,  and  J.  Jbfpb  were  elected 
ordinary  members  of  the  Society. 
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BBPOBT  OF  THE  8BGBETABT  FOB  THB  TBAB  1904>1906. 

Eight  ordinary  meetings  and  one  general  meeting  bave  been  held 

duriug  the  year. 

Eighteen  papers  have  heen  read,  and  they  bftve  either  been  piintod 

or  are  in  the  printer's  hands,  viz. : — 

A.  W.  Eoger<^,  "  The  Glacial  Couglomerate  in  the  Table  Mountain 
Series  near  Clanwilliiim. 

H.  H.  W.  Pearson,  "  Soulli  African  VerbenacesB." 
T.  Muir,  "  Further  Note  on  Factorisable  Continuants." 
P.  Cameron,  "Description  of  new  South  African  Hynitnoptera." 
E.  H.  L.  Schwarz,  "  The  Rocks  of  Tristan  d'Acunha  and  their 
bearing  on  the  Question  of  the  Permanence  of  Ocean  Basins." 

B.  Bfoom,  <*The  Stmctore  and  AflanitieB  of  the  Bnttiodkni 
Beptilee." 

A.  L.  dn  Toit,  **  The  fonnmg  of  the  Dnkeaebeig.'* 

J.  B.  Sutton,  "  Some  Beenlte  of  Obsemitions  made  with  a  Bladk 
Bulb  Thermometer.'* 

B.  Marloth,  "Beeotts  of  further  EzpeiimentB  on  Table  Moontahi 
for  aaoertahung  the  amount  of  Moietove  deposited  from  the  Sonth- 
Bast  Clouds. 

C  .  F.  J urits, "  Some  Notes  regarding  South  African  Pharmacology." 
J.  P.  Johnson,  "  On  the  Disoovery  of  a  Large  Number  ol  Imple- 
ments of  PalaeoHthic  type  at  Vereeniging,  Transvaal" 
H.  Bolus,  "  Contributions  to  the  African  Flora." 

T.  Muir,  "  Notes  on  Semicirculants." 

R.  Marloth,  "  Further  Observations  on  Mimicry  among  Plants." 

J.  R.  Sutton,  "On  the  Variation  of  the  Hourly  Meteorolo<];ical 
Normals  atKimberlcn*  dtu-ing  the  Passage  of  a  Barometric  Depression." 

A.  W.  Rogers,  "  Tlu;  Volcanic  Fissure  under  Zuurberg." 

W.  L.  Sclater,  "  On  the  Remains  o£  van  Plettenberg's  iioundary 
Stone  from  Colesberg." 

K.  Broom,  "  On  Ilortalotarsus." 

Tiie  Society  has  issued  during  tl>e  year  (June  to  June)  part  1 
of  vol.  XIII. ;  parts  1,  2,  3,  4  of  vol.  XV.  and  part  1  of  vol  XVL, 
or  600  pp.  and  18  plates.  Part  5,  which  completes  voL  XV.,  is 
expected  here  towards  the  middle  of  August. 

Ten  members  resigned  dnring  the  year;  2  died,  10  have  been 
removed  from  the  list  for  arrears  in  their  snbsoription,  39 
have  been  elected.  The  Society  numbers  now  229  ordinary  and 
8  honorszy  members.  The  sale  of  pnUieations  lor  the  year 
amounts  to  £B0  lis. 

Lh  PAbimoubt,  Hon,  Secretary, 
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ADDITIONS  TO  THJB  LIBBABY. 

Adelaide. 

Proceedings  of  the  Royal  Geographical  Society  of  Australasia. 
South  Ausfcrahan  Branch,  vol.  vii.    Session  1903-4. 
Transactions  and  Proceedings  and  Beport  of  the  Boyal  Society 
of  South  Australia,  vol.  xxviii. 

Meteorological  Observations  made  at  the  Adelaide  Obs.  during 
the  year  1900-1901. 

AOBAM. 

Jahrbuoh  des  Meteorologisohen  Observatoriiim  1902. 

Amsterdam. 

K.  Ac.  Van  Vet.  te  Amsterdam. 
Proceedings  of  the  Section  of  Science,  yol.  vi. 

Baltimore. 

Johns  Hopkins  Hospital  Bulletin,  Nos.  157,  168, 169, 162, 163, 
165,  1G6,  167,  168,  164,  160,  161,  169,  170. 
Johns  Hopkins  University  Studies,  series  xxi.,  Nos,  1-12  ;  series 
xxii,,  Nos.  1-12;  series  xxiii.,  Nos.  1,  2. 

Johns  Hopkins  University  Circulars,  1903-4,  No.  1 ;  1904, 
Nos.  1-8;  1906,  Nos.  1,  2. 

Babel. 

Verhandlungen  der  Nafcurfonohenden  GeeeUsohaffc,  Band  xm ; 
Band  xy.,  Heft  3. 

Beukeley,  U.S.A. 

Publications  of  the  University  of  Cahfornia. 
Botany,  vol.  ii.,  pp.  1-171. 
Pathology,  vol.  i..  No.  1. 
Zoology,  ToL  i.,  Nos.  3,  4,  5,  6,  7. 
Bnllatin,  Nob.  149-154. 
BnUelin,  vol  y.,  Nos.  3,  3;  yoL yi,  Nos.  1, 2. 
Beport  of  the  work  of  the  Agrionltonl  Experimental  Station. 
Amerioan  Azohsology  and  Ethnology,  yoL  ii.,  No.  4. 

Berlin. 

Deutsche  Entomologische  Zeitschrift,  J.  1904,  H.  2. 
Sitzungsberichte  der  Kon.  Preuss.  Akademie  der  Wissenschafteu, 
pts.  xxii.-xl.,  1904 ;  pts.  xU.-lv.,  1904 ;  pts.  i.-xxii.,  1905. 

BOCTdm,  OOLOBADO,  U.8.A. 

The  Uniyeraity  of  Colorado,  Stodiet,  yol.  ii.,  Noe.  2, 8. 
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Bbussels. 

Academie  Royale  de  Belgiquc. 

Bulletin  de  la  Classe  des  Sciences,  Nos.  5,  6,  7,  8,  9,  10, 
11, 12, 1904 ;  Nos.  1,  2,  3,  i,  1905. 
Anntiaiizie,  1906. 

Buenos  Aykes. 

Anales  del  Museo  Naoioual  de  Buenos  Aires,  series  iii., 
torn.  iii.  2. 

Calcutta. 

Proceedings  of  the  Asiatio  Society  of  Bengal,  No.  id,,  1903; 

Nos.  1-5,  1904. 

Journal  of  the  Asiatic  Society  of  Bengal,  vol.  Ixxii.,  pts.  1,  2, 
1903 ;  vol.  Ixxiii.,  pt.  1,  Nos.  1, 2, 1904 ;  vol,  lxxiii.,pt.  2,  Nos.  1, 2; 
vol.  lixiii.,  pt.  3.,  Nos.  1,  2. 

Caubbidob,  Bmolamd. 

Cambridge  University  Library. 
Beport  of  the  Library  Syndicate,  1903. 

Proceedings  of  the  Cambridge  Philoeophioal  Sooiety,  vol.  zii., 
pt.  6 ;  YoL  ziii.,  pte.  1,  2. 

Cape  Town. 

Beport  of  the  Qovi  Biologist  for  half-year  ending  1904. 
Marine  Liyeetigations  in  South  Afrioa,  voL  iL 
Beport  of  the  Senior  Analyst  for  1904. 
Annals  of  the  CSape  Obe.,  vol.  ix. 

Beport  of  His  Majesty's  Astronomer  at  the  Oape  for  1903. 
Beport  of  liie  Qovemment  Botanist  for  half-year  1904. 

Annals  of  the  South  African  Musenm,  vol.  iii.,  pt.  & 

Minntes  of  Ptooeedings  of  the  Gape  Society  of  C.  E.,  toL  1, 1903. 

GmoAoo,  n.S.A. 

l^iM  Colnmbian  Mnseom,  yoL  iii.,  Nos.  15, 16. 
Zoological  Series,  voL  iv.,  pt.  2 ;  voL  v. 
Qeologioal  Series,  vol  ii.,  Nos.  5,  6. 
Botanical  Series,  yoL  3,  No.  2. 
Beport  Series,  vol  ii.,  No.  3. 

Cincinnati. 

Joomal  d  the  Cincinnati  Sooiety  of  Natural  History,  vol.  xs., 
No.  4. 

Colorado  Springs,  Colorado. 

Colorado  College  Studies,  General  Series,  Nos.  id,  14,  vol.  xi., 
pp.  54-85,  85-118. 
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Davenport,  U.S.A. 

Proceedings  of  the  Davenport  Academy  of  Sciences,  vol.  ix. 

Edinburgh. 

The  Scottish  Geographical  Maguine,  voL  ul,  Noe.  8,  9»  10, 12 ; 
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THE  GLACIAL  CONGLO^IERATE  IN  THE  TABLE  MOUN- 
TAIN S£ai£B  N£A&  CLANWILLIAM. 

Bt  A.  W.  Booms. 

(Bead  September  28,  1904.) 

Four  years  ago  I  laid  before  the  Society  some  evidenee  of  glaeial 

action  in  the  Table  Mountain  series  from  the  Paidrais  Pass  near 
Glanwilliam.  I  have  lately  had  an  opportunity  of  searching  the 
western  flank  of  the  Cederberg  range  for  more  outcrops  of  the 

conglomerate,  and  I  traced  the  rock  in  question  over  an  area 
fifteen  miles  in  length  and  about  seven  in  width.  The  total  length 
of  the  lines  along  which  the  conglomerate  has  hcon  followed, 
including  the  frequent  intervals  between  outcrops,  where  the  rock 
.is  concealed  beneath  the  soil  and  fallen  dcbru,  is  twenty-three  miles. 
Even  where  the  rock  itself  is  not  visible  the  torm  of  the  ground 
indicates  its  presence. 

A  visit  to  the  Pakhuis  Pass  was  not  rewarded  i)y  the  tinilnig  of 
any  additional  exposures  to  those  described  in  the  earlier  coni- 
municatioQ. 

From  Botha's  Berg  the  clearly-marked  feature  on  the  mountain 
slope,  cftused  by  the  presence  of  the  shale  band,  at  the  base  of 
which  the  conglomerate  occurs,  was  followed  west-north-west 
through  Bheebok's  Vley,  Vark  Fontein  Extension,  Klein  Yiey 
Extension,  Klein  Vley,  Zand  Kraal  Extension,  to  Lange  Kloof,  on  the 
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Olifant's  river,  where  the  horizon  is  traversed  by  that  river.  There 
are  two  places  along  tliis  line  of  country  where  the  con^lrinierate 
can  be  well  seen.  One  of  these  is  on  Klein  Vlcy,  in  some  dongas 
cut  by  stonn-water  from  Mount  Synnott.  At  the  lower  end  of  the 
dongas,  near  the  Vark  Fontein  road,  the  ordinary,  rather  coarse, 
sandstones  of  the  Table  Mountain  series,  containing  a  few  white 
quartz  pebi)les,  are  seen,  but  the  actual  junction  with  the  overlying 
conglomerate  is  not  exposed.  The  beds  dip  at  an  angle  of  about 
10°  to  the  north-east.  In  the  dongas  a  vertieal  thickness  of  some 
forty  feet  of  oonglomente  is  laid  bare.  The  lock  is  mnoh  weathered, 
and  is  yellowish-red  in  ooloor.  The  matrix  is  a  sandy  mndstone 
without  lamination  planes.  The  majority  of  the  enclosed  pebbles 
are  mioaoeons  dayey  sandstones,  often  thinly  laminated.  This  rock 
resembles  the  sandstones  of  the  Ibiqnas  beds  more  closely  than  any 
other  known  to  me.  Pebbles  of  qoartz  and  quartzite  are  fairly 
abundant  in  this  locality,  but  no  fragments  of  granite  or  othcff 
igneous  rock  were  met  with.  The  pebbles  range  up  to  eight  inches 
in  length.  Only  a  few  of  them  were  found  to  be  striated,  and  these 
were  of  small  size.  The  upper  part  of  the  conglomerate  and  the 
shale  above  are  hidden  by  the  dibrit  from  the  Mount  Synnott 
escarpment. 

On  the  farm  Lange  Kloof,  just  below  the  boundary  between  it 
and  Zand  Kraal  Extension,  a  short  kloof  bas  been  cut  bat  k  from 
the  L  inge  Kloof  river  along  the  shale  band,  and  tliere  are  several 
outcrops  of  the  conglomerate  in  the  upper  part  of  the  kloof,  while 
yellowish-red,  thinly-laminated  sandy  shales  are  seen  to  lie  above 
tbe  conglomerate.  The  sandstones  below  are  similar  to  those  at 
Klein  Vloy  Extension,  and  the  conglomerates  at  the  two  places  are 
very  nmch  alike.  Tiie  conglomerate  at  Lange  Kloof  is  eighty  feet 
thick,  and  over  two  hundred  feet  of  shales  lie  between  it  and  the 
overlying  sandstone,  which  is  a  coarse,  false  bedded  rock  with 
scattered  quarts  pebbles.  Several  small  scratched  stones  were 
found  in  the  conglomerate  here. 

Near  the  boundary  between  Klein  Vley  and  Groot  Fatrys  Vley 
there  is  a  conical  hill,  oval  in  plan,  above  the  left  bank  of  the 
Sliphuis  river.  The  base  of  the  hill  consists  of  the  sandstones 
bebw  the  shale  band,  which  forms  an  elliptical  area,  and  above  the 
shale  band  there  is  an  outlier  of  the  upper  sandstones.  There  are 
many  outcrops  of  conglomerate  and  shale  round  this  hill,  and  the 
passage  from  the  unbedded  mudstone  with  pebbles,  about  one 
hundred  feet  thick,  through  twenty  feet  of  laminated  shale  with 
pebbles,  to  the  thinly-laminated  shale  without  pebbles,  of  which 
there  are  some  two  hundred  feet,  can  be  found  without  much 
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difficulty  in  the  numerous  small  ravines  on  the  steep  slopes  of  the 
hill    Pebbles  up  to  fifteen  inches  in  length  are  embedded  in  the 

mudstone  at  the  bottom  of  the  outlier,  and  striated  stones  can  be 
obtained.  Most  of  the  pebbles  are  water-worn  and  well-rounded, 
but  striations  occur  oti  many  of  those  as  well  as  on  the  subangular 

pieces  of  rock.  The  lowest  portion  of  the  conglomerate  here  is  rod, 
and  the  colour  seems  to  be  an  original  feature  ;  the  upper  part,  and 
the  shales  above,  are  yellowish  at  the  surface  and  greenish  within. 
The  usual  colour  of  the  shales  in  the  Table  Mountain  series  is  red, 
but  both  the  shales  and  the  conglomerate  of  Pakhuis  ai"e  greenish 
when  unatfected  by  the  weather. 


Fio.  1. — Saetion  throoi^  •onth-WMt  dde  ol  <mtli«r  on  bonndaiy  of  Klein 

Vloy  tnd  Oroot  Portrys  Vlqr. 


South-east  of  the  outlier  on  Klein  Vley  the  sandstones  below  the 
shale  band  form  a  great  area  on  the  western  slope  of  the  Ceder- 
bergen  ;  between  Lange  Kloof  and  the  path  to  Krakadouw  these 
Itnver  sun<Utones  abut  against  beds  belonging  to  a  higher  horizon 
along  the  Augsburg  fault.  On  the  south-west  side  of  the  Jan  Disstd's 
river  the  shale  band  crops  out  again,  but  it  is  here  on  the  downthrow 
side  of  the  Aagsbaig  fault.  I  followed  it  aeross  the  watershed  between 
the  Jan  Diesel's  and  Eeorboseh  Kraal  river  for  a  distanee  of  over 
five  miles  along  the  outcrop,  and  it  can  be  seen  to  extend  far  to  the 
soath,  though  it  becomes  thinner  in  that  direction.  The  total  thick- 
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ness  of  the  shale  baad  in  thii^  neighbourhood  is  three  hundred  feet, 
of  which  the  lowest  hundi*ecl  feet  are  of  reddish-yellow  weather- 
ing conglomerate.  In  the  two  kloofs  cut  along  this  horizon,  which 
lead  north  to  the  Jan  Dissel's  river  and  south  to  the  Keurbosch  Kranl 
river  respectively,  there  are  many  very  <iood  exposures  of  all  parts  of 
the  conglomeratic  rock,  including  the  passage  beds  into  the  under- 
lying sandstones  on  the  one  hand  and  the  overlying  shales  on  the 
other.  The  coarse  sandstone  below  l)ec()nies  more  and  more  argil- 
laceous towards  its  upper  limit,  and  the  included  pebbles  increase  in 
nund)ers  and  varietv,  till  within  a  vertical  distance  of  twentv  feet 
from  the  normal  type  of  sandstone  the  rock  assumes  the  character 
of  the  Pakhuis  conglomerate.  Tiie  passage  upwards  into  the  shales 
without  pebbles  comes  about  by  the  gradual  decrease  in  numbers  of 
the  pebbles  and  the  greater  frequency  of  lammfttum  planes  in  the 
sandy  mndstone  towards  the  top  of  ^e  oonglomerate.  Pebbles  of 
quartz,  quartntes  of  three  kinds,  sandstones,  felspathic  grits,  diabase, 
amygdaloidal  rooks  of  the  Zeekoe  Baard  type,  and  granite  were 
noticed  in  these  exposures,  and  several  of  them  are  flattened  on  one 
or  more  sides,  and  well  striated.  A  dozen  pebbles,  from  two  to  Ats 
inches  in  length,  showing  oharacteristio  glacial  striations,  were  found 
in  this  locality  during  the  three  hours  I  spent  on  the  five  miles  of 
country  between  the  two  rivers  mentioned  above.  Some  very  good 
exposures  of  the  conglomerate,  thirty  feet  in  height  and  many  yards 
long,  can  be  seen  on  the  banks  of  the  stream  entering  the  Keurbosch 
Kraal  river.  The  pebbles  are  scattered  quite  irregularly  through  the 
sandy  mudstone,  which  has  a  purplish  colour;  they  are  hardly 
abundant  enough  to  give  the  rock  the  appearance  of  a  conglomerate 
on  a  casual  inspection,  and  areas  of  many  square  feet  show  no 
pebbles. 

In  the  former  communication  on  this  subject  it  was  pointed  out 
that  though  the  evidence  given  therein  was  suUicient  to  justify  the 
belief  that  the  glacial  conglomerate  really  belonged  to  the  Table 
Mountain  sei'ies,  and  was  not  an  outlier  of  the  Dwyka  conglomerate 
to  which  it  had  ^unie  resembhmce,  fuillier  facts  to  prove  its  strati- 
graphical  position  were  desirable.  These  later  observations  place 
the  conclusion  then  arrived  at  beyond  dispute.  In  each  of  the 
localities  described  above  the  position  of  the  oonglomerate  is  the 
same,  viz.,  at  the  base  of  the  shale  band,  and  in  each  place,  so  far 
as  one  can  judge  from  the  not  very  satisfactory  sections,  the  con- 
glomerate forms  about  a  third  of  the  thickness  of  the  shale  band. 
The  gradual  passage  from  the  lower  sandstones  into  the  oonglomerate 
on  Bosch  Kloof  is  dear  evidence  as  to  the  relationship  of  the  two 
rocks,  and  the  passage  upwards  into  the  shale  without  pebbles  has 
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been  ascertained  on  the  Pakhuis  Pass,  at  Bosch  Kloof,  and  on  IQein 
Vley,  while  a  considerable  thickness  of  the  upper  sandstones  over- 
lies the  shale  band  at  all  the  localities. 
The  reappearance  of  the  conf^loraerate 
on  the  downthrow  side  of  the  Augsbur-^ 
fault  most  decidedly  contirnis  the  con- 
clusion that  the  rock  belongs  to  the 
Table  Mountain  series. 

Though  there  is  a  certain  resemblanoe 
between  the  Pakhnis  and  Dwyka  oon- 
^ooierateB  there  are  important  points  of 
difisreooe.  The  Dwyka  conglomerate  is 
remaricaUe  amongst  other  things  for  being 
so  constant  in  oolonr  and  appearance 
throughout  a  great  region,  with  one 
general  di-;tinction  between  the  northern 
and  southorn  outcrops,  due  to  the  greater 
amount  of  alteration  induced  by  earth- 
movements  in  the  south.  Now  the 
Pakhuis  conglomerate  varies  considerably 
even  within  the  short  range  of  twenty- 
three  miles  through  which  it  has  been 
traced.  The  red  rock  at  the  base  of  the 
Klein  Tley  outlier  has  no  counterpart  in 
the  Dwyka  conglomerate. 

The  variety  of  rooks  occurring  as 
boulders  and  pebbles  in  the  Pakhuis 
conglomerate  is  considerably  less  than 
in  the  Dwyka,  and  quartz,  quartzites  and 
sandstones  are  more  abundant  in  pro- 
portion to  rocks  of  igneous  origin  in  the 
former  than  in  the  latter.  There  is  one 
peculiarityi  in  addition  to  the  gUunal 
striations,  common  to  the  boulders  of  the 
two  conglomerates:  many  of  them  are 
traversed  by  several  parallel  planes  along 
which  they  break  easily,'''  and  those 
planes  are  independent  of  the  original 
structural  planes  of  the  rocks  from  which 
the  boulders  were  derived.  In  each  of 
the  outcrops  of  the  Pakhuis  conglomerate 
these  jointtid  pel)l)les  can  be  found,  and  it 
was  noticeable  that  the  elongated  pebbles  were  more  frequently 

•  See  Schwarz,  Trans.  I'liil.  Soc.,  vol.  xiv.,  p.  385,  190.3.  A  figore  of  a  jointed 
boolder  from  the  Dwjka  conglomerate  of  Prieska  is  given  there. 
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jointed  than  those  of  a  rouf,'hly  spherical  form,  and  that  the  joints 
feraversed  the  pebhles  ajiproxiiii-aely  at  right  angles  to  their  longer 
axes  in  whatever  positions  the  pebbles  lay  in  the  matrix. 

In  order  to  get  some  idea  as  to  the  conditions  that  prevailed 
during  the  formation  of  the  Pciklniis  conglomerate  we  must  briefly 
recall  the  nature  and  distribution  of  the  group  of  which  it  forms 
quite  a  subordinate  part.     The  Table  Mountain  series  consists 
obiefiy  of  rather  coarse  sandstone,  usually  strongly  false-bedded, 
ftnd  ife  oontains  many  iaolatod  water-worn  pebbles  of  quarts  diskri- 
bated  inegalarly  throngh  the  greater  part  of  the  sandstone.  Ooea- 
sionally,  the  pebbles  ooonr  together  in  layers  one  pebble  thick ;  mnoh 
more  raiely  they  are  suffideDtly  abundant  to  warrant  the  rock  being 
called  a  conglomerate ;  in  such  cases,  as  at  Pikenier's  Eloof ,  Baboon 
Point,  and  a  few  other  places  in  the  Western  districts,  slates,  sand- 
stones, granite,  and  jasper  are  met  with  in  the  form  of  pebbles  in 
addition  to  the  usual  tt^-qoarta.  Argillaceous  beds  form  but  a 
very  small  proportion  of  the  whole  series:  there  is  one  group  of 
tiiem  near  the  top,  the  shalc-hand  to  which  the  Pakhuis  conglo- 
merate belongs,  and  which  has  been  followed  through  a  distance  of 
some  300  miles  round  the  Colony,  and  there  are  irregularly-developed 
bands  of  red  shale  near  the  base  of  the  formation.    The  whole 
thickness  of  the  series  is  about  5,000  feet,  of  which  probal)ly  not 
more  than  a  twelfth  is  noticeably  argillaceous.    Current-bedding  and 
ripple-marks  can  genenillv  he  found  throughout  the  group,  and  sun- 
cracked  surfaces  have  been  seen  in  some  of  the  red  shaly  beds  near 
the  base,  so  it  is  evident  that  the  fornuition  was  deposited  in 
shallow  water,  and  at  places  piirts  of  the  area  were  laid  bare  for  a 
short  time  before  fresh  sediment  buried  the  dry  surface  of  previously 
deposited  mud.    Although  the  whole  region  occupied  by  the  forma- 
tion between  the  Bokkeveld  Mountain  in  Calvinia  and  the  Umta- 
mYuna  river,  where  it  passes  into  Natal,  has  not  been  carefully 
examined,  the  above  description  probably  applies  everywhere  within 
those  limits.  The  area  in  which  the  formation  can  be  seen,  or  can 
be  legitimately  assumed  to  exist  under  the  present  surface,  is  at 
least  80,000  square  miles  in  extent.  No  organic  remains,  except 
some  obscure  tracks  or  worm-castings,  have  as  yet  been  found  in  the 
series ;  and  the  rocks  are  now  sufficiently  well  Imown  to  allow  one  to 
hold  that  there  are  no  important  bands  containing  marine  fossils. 
These  facts  most  certainly  negative  the  idea  that  the  Table  Mountain 
series  was  laid  down  under  the  sea,  and  it  is  difficult  to  reconcile  the 
supposition  of  a  lacustrine  origin  with  the  wide  distribution  of  so 
much  coarse  sand,  for  in  the  tranquil  water  of  a  lake  the  coarse 
material  brought  into  it  by  rivers  is  not  spread  over  the  whole  area 
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but  is  dropped  near  the  mouths  of  the  streams.  It  is  prol)al)lo  that 
the  series  was  deposited  by  a  river  or  several  rivers  running  over  a 
slowly  subsiding  area.  On  this  supposition  alone  we  get  over  the 
diflBcultyof  the  preponderance  of  coarse  sediment,  its  great  thickness, 
the  occasional  layers  of  pebhies,  and  the  general  absence  of  the  tine- 
grained  material  which  must  have  been  produced  by  the  denudation 
of  the  ancient  land  from  whicii  all  tlie  sand  came.  The  line  mud 
must  have  beea  carried  away  and  deposited  beyond  the  area  we  have 
M0688  to.  As  to  the  sources  of  the  deposits  it  is  unsafe  to  speoulate, 
but  there  are  good  grounds  for  the  IwUsf  tbat  fh«  nortliam  part  of 
Cape  Colony  was  a  oontribntor. 

It  is  a  weU-known  Uct  that  great  thidknesses  of  grayeb,  sands, 
and  fine  dust  aoenmulate  in  desert  regions,  but  the  Table  Moun- 
tain series  does  not  agree  in  many  points  with  desert  formations. 
To  talm  one  important  point,  there  are  no  deposits  of  soluble  salts, 
such  as  gypsum  ana  rock  salt,  -within  the  group,  nor  have  any 
pseudomorphs  or  oasts  of  crystals  of  these  substances  been  found 
in  it.  The  presenoe  of  suoh  deposits  is  characteristic  of  deserts, 
and  their  formation  on  a  greater  or  nfw3ltt>  goale,  dependent  on  the 
extent  to  which  drainage  facilities  are  wanting  iB  one  of  the 
necessary  results  of  the  conditions  which  give  rise  to  desert 
regions. 

Though  tluviatile  conditions  will  account  for  the  bulk  of  the  forma- 
tion, the  wide  distribution  of  the  shale  band  averaging  two  hundred 
feet  in  thickness  in  the  upper  part  of  the  series  points  to  a  change  of 
circumstances  of  considerable  duration  ;  an  increased  rate  of  depres- 
sion of  the  area,  by  which  it  was  removed  from  the  limits  of  deposi- 
tion of  coarse  material,  and  converted  into  a  lake,  may  have  brought 
about  this  change.  It  was  in  this  lake  that  the  iiunUt'jne  forming 
the  matrix  of  the  Pakhuis  conglomerate  was  deposited,  and  into  it 
were  dropped  by  floating  ice  the  iinely-striated  boulders  shaped  by 
glacial  action.  From  the  absence  of  angular  fragments  freshly 
derived  from  the  parent  rook  mass,  we  may  suppose  that  the 
boulders  were  carried  to  the  places  where  they  are  now  found  from  a 
eonsiderabte  distance;  they  were  probably  deriyed  not  from  the 
immediate  shores  of  the  lake  but  from  the  country  behind,  by  the 
combined  agencies  of  (^aciers,  streams,  and  floating  ice.  The  area 
o?er  which  the  glacial  cong^fionerate  has  been  obserred— less  than 
one  hondred  square  miles  are  included  within  the  lines  connecting 
the  outcrops  furthest  removed  from  each  other — is  so  minute  com- 
pared with  the  whole  extent  of  the  formation,  that  it  is  as  yet 
impossible  to  know  how  far  the  glacial  conditions  affected  the  whole 
area,  but  it  is  to  be  expected  that  the  congbmerate,  or  at  least 
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isolated  glaciated  pebbles  are  to  be  found  far  outside  their  range  as 

known  at  present. 

The  striated  stones  liuve  only  been  found  in  the  lower  hundred 
and  twenty  feet  of  the  sluile  biuul,  and  below  their  upper  limit  the 
inudstone  becomes  bedded,  and  finally  a  thinly-lauiinated  shale. 
Above  the  shale  band  the  uppermost  thousand  feet  or  so  of  the 
formation  seem  to  differ  in  no  way  from  the  sandstones  below  the 
shale  band,  so  the  fluviatile  conditions  returned  and  were  main- 
tained for  a  long  period  before  the  sea  encroached  upon  the  area 
and  tlie  Bokkmid  beds  with  fiioir  madne  fostUs  begui  to  be  laid 
down. 
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THE  BOCKS  OF  TBISTAN  D'AGUNHA,  BROUGHT  BACK 
BY  H.M.8.  ODm,  1904,  WITH  THBIB  BEABING  ON 
THE  QUESTION  OF  THE  PEBMANENCE  OF  OCEAN 
BASINS. 

By  £.  H.  L.  SoHWABZ,  A.B.aa,  E.G.S. 

(iiead  October  26,  1904.) 

Intradnolioin — Description  of  the  Tristan  <rAcunha  group :— Tristan  dWcanha, 
Inaccessible  Island,  Nightingale  Island,  StoltenkofT  Island,  Middle  Island 
— Source  of  the  speciiuenti  described — The  iiupurtance  of  the  study  of 
OoMunie  Ulaiiidfl— I>OM  the  level  of  the  eeft  riee  or  the  land  sink? — ^The 
Agulhas  IJank  and  Continental  shelfs — Other  Oceanic  Islands,  Atlantic:— 
Falkland  Iblaiids  The  land  connection  betwct-n  Africa  and  South  America: 
— In  Devoman  Timett,  In  Jorasaic  Times,  In  Later  Times — The  revelations 
ol  the  pendnlom — Other  OoeMie  leUnds,  Atlaatio :— St.  Fftol's  Booke, 
Asoension,  Mayo,  Cape  Vecde  Islands,  Canary  Islanda,  Gaofltbeig,  Soath 
Georgia,  Rockall  Island,  The  Antilles  -  Legendary  Islands :  —  Atlantis, 
Antilla,  Brasil,  St.  Brandan's  Island  —Other  Oceanic  Islands,  I'acilic : — 
New  Caledonia,  Fiji  Islands,  Solomon  Islands,  New  Hebrides,  Tonga  or 
Friendly  Archipelago  —  M<ui>voleanie  material  hronght  np  in  Tiricanie 
eruptions  : — Italy,  Germany,  Scotland,  South  Africa — The  heat  of  volcanic 
eruptions: — Luzi's  experiments  in  diamonds,  Chapcr's  views  on  the  South 
Afri<»u  diamond  mines — Quartz  sand  in  mid-Atlantic  prubably  due  to  a 
eold  voleanic  enqption: — Sir  A.  GeUde'e  evideooe  from  Sootland,  Branoo'e 
evidence  from  Swabia — The  heat  of  volcanic  eruptions : — Kimborlito  in 
Borneo,  Australia,  and  Sutherland,  Cape  Colony,  AKs/lonierate  necks  in  the 
Drakensberg — The  Cave  Sandstone : — The  Cave  Sandiitone,  a  variety  of  tuil, 
SinUfaur  rooki  in  Aieenaion,  Pepecino  the  lame  kind  of  material  ae  the  Cave 
flandetooe.  The  Cave  Saodstoiie  pound  out  as  a  mud,  The  Ttopk  taffe— 

Beview  of  the  evidence  in  favour  of  volcanic  islands  standing  on  a  continental 
base — Volcanoes  not  confined  to  ejecting  molten  material — The  South  African 
enridenee  for  the  tiieoiy  ttiat  voleanoee  are  due  to  enutal  friotion The 
Buhvdd  amygdaloid,  The  Baviaan^e  Kloof  crush-breccia,  The  Drakensberg 
vdcanoea,  The  SutluThuid  volcanoes— The  Sutherland  and  (iri(]nuland  West 
voleanoes : — The  sinking  of  the  Karroo  basin.  The  intrusion  of  the  dolerite. 
The  edbet  of  the  heated  materiel  on  the  sedimentary  rooke,  The  fonnation  of 
the  folded  mountain  ranges  in  the  south  of  the  Cape  Colony,  The  production 
of  shearing  in  the  north  of  the  Cape  Colony,  The  volcanic  pipes  due  to  the 
heat  produced  by  the  shearing  motion — Tristan  d'Acunha  roclis  show  the 
nature  of  the  onderlying  ridge  to  be  continental— The  evidence  of  the  South 
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African  volcanoes — The  conuection  of  volcanoes  with  BtructunU  lines— The 
fukm  of  Mdfanentarj  rodn  and  the  older  erjataUlBt  mkIm  to  fonn  lavu — 
ThoiuUare  of  the  enrthVoontre— The  naian  of  tiio  florlh^  original  crastr— 
Professor  Vogt's  rescurchps  in  aciil  and  basic  types  of  rock  represenlinp  rocks 
of  the  ori^nal  crust — The  magmatio  separation  of  rocks  into  acid  and  basic 
mtIm  nok  dm  to  graWtatfa»-<tonaiaitoa-4'il^  <rf  took  wgedbamm 
from  Tristan  d*Aeimlia,  Inaooenible  Uand,  and  Nightingale  Idand. 

Eecentlv,  when  the  annual  vessel  went  clown  with  mails  for 
Tristan  d'Acunha,  I  applied,  through  the  courtesy  of  Sir  David  Gill, 
to  the  Admiralty  at  Simon's  Town,  to  be  allowed  a  passage  OO 
H.M.8.  Odin,  I  was»  unfortunately,  unable  to  obtain  the 
required  penniaeion,  but  I  reoaived  &  eertain  munber  of  rook  speol- 
mens  whieh  were  eoUected  by  Commander  H.  L.  D.  Peanse,  of 
H.M.8.  Odin,  Mr.  Hammond  Tooke,  and  Mr.  Bonhomie,  of  the 
South  Afrioan  Mnsenm. 

When  I  was  agitating  about  the  matter,  I  waa  frequently  aaked, 

What  ia  the  good  of  going  there?  The  islands  are  purely  voleanie, 
and  there  was  not  likely  to  be  anything  of  geologieal  interest  there, 
exoept  what  has  been  reoorded  again  and  again  in  such  island^;."  I 
could  only  reply  I  was  unahle  to  say  what  I  could  find  till  I 
had  actually  been  there,  and  the  ^ecimens  brought  back  show  how 
much  there  is  to  ho  done  there.  I  will  endeayonr  in  the  present 
paper,  in  the  light  of  the  evidence  from  the  specimens  brought 
back,  to  show  in  what  direction  research  must  be  carried  on. 

The  specimens  come  mostly  from  Tristan  d'Acunha,  hut  there 
are  some  from  Nightingale  Island  and  from  Inaccessible  Island. 

The  Tristan  group  lies  1,550  miles  from  the  Cape  of  Good  Hope, 
2,000  miles  from  Cape  Horn,  and  1,320  miles  from  St.  Helena. 
The  history  of  the  group  is  given  in  the  first  volume  of  the  "  Narra- 
tive of  the  Voyage  of  the  CluilloKjer."  The  officers  of  that  ship  also 
collected  specimens  from  Tristan  d'Acunha  and  the  other  two  main 
islands,  and  the  following  description  of  the  localities  from  which 
theirs  were  obtained  will  hold  good  for  the  ones  which  are  now 
deposited  m  the  South  Afrioan  Museum.  The  ChalUngcr  speoimens 
from  Tristan  consisted  of  large  grained  felspathio  basalts,  some- 
times bordered  with  layers  of  Uack  basaltio  glass  passing  to  pala- 
gonite,  basaltio  tuib,  augite  andesite,  pyroxenite,  and  amphibolitio 
andesite  oontaining  sanidine.  Streams,  or  rather  cascades,  which 
come  dashing  down  to  the  sea  during  the  constant  heavy  rains,  have 
eaten  their  way  into  the  cliffs,  and  the  beds  form  oonspiouous 
features  in  the  view  as  narrow  gullies  descending  the  rooks  in  a 
series  of  irregular  steps.  At  the  foot  of  the  oliffis,  immediately 
opposite  the  anchorage,  there  are  debris  slopes  and  ii  regnlar  rocky 
and  sandy  ground,  forming  a  narrow  strip  of  low  shore  land.  The 
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settlement,  called  Edinburgh,  lies  on  a  broader  and  more  even 
stretch  of  low  land  which  extends  westwards.  At  the  margin  of 
the  lower  tract  a  small  low  secondary  cliff  has  been  formed  by  the 
waves.  Steep  slopes  of  debris  lead  to  the  settlement  from  the  clitTs, 
here  and  there  broken  into  ledges  and  deep  gullies  by  which  ascent 
to  the  summit  is  made  easy.    At  the  landiDg-place  the  beach  is 
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FlO.  1. — Plan  of  the  Tristan  d'Acunha  group. 
Tlie  padfeion  ot  Hetdd  Botnt  in  Tristan  d'Acunha  is  lat.  87°  2'  45"  S.,  long,  12'  19'  20"  W. 


formed  of  black  Tolcanie  sand,  bat  elsewhere  in  the  neighbourhood 
of  coarse  basaltio  boolden. 
The  perpendionlar  rooks  that  encircle  the  island  attain  a  height  of 

1,000  to  2,000  feet,  and  form  a  terrace  or  plateau  on  which  stands  a 
conical  peak,  reminding  one  of  the  Peak  of  Tenerife ;  its  summit, 
covered  with  snow  for  nearly  the  whole  year,  attains  a  height  of 
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7,640  feet.  The  peak  is  a  cone  of  black  and  red  scoria',  with  a 
crater  lake  on  the  top  ;  the  diameter  of  the  crater  is  about  a  quarter 
of  a  mile.  From  the  coast  other  eminences  of  less  height  are 
visible  on  the  plateau  that  forms  the  centre  of  the  island.  These 
hills  are  very  probaljly  also  secondary  cones  of  eruption;  several  of 
them,  like  the  central  peak,  have  crater  lakes. 

The  cliffs  are  formed  of  nearly  horizontal  beds  of  basalt,  alternately 
compact  and  scoriaceous,  with  intercalated  layers  of  reddish  volcanic 
tuffs.  The  whole  system  of  beds  slopes  sli^'htly  towards  the  shore, 
as  can  be  seen  to  the  east  and  west  of  the  harbour.  These  beds  are 
traversed  by  dykes,  generally  vertical  and  of  no  great  thickness. 
Toiranto  «nd  atmospheric  eiDsioa  hmve  worn  gullies  in  fhese  wbOs 
of  rook,  and  heaped  together  piles  of  ddbris,  whioh  have  aecmmwlated 
to  a  height  of  100  feet  at  the  foot  of  the  clifEs.  This  eixele  of 
▼olcanic  fragments  is,  in  tnm,  edged  by  a  belt  of  gravel  of  the  same 
nature,  which  is  nproad  out  on  the  nanow  shore  of  the  island. 

Eor  nine  months  of  the  year  terrible  tempests  ran  riot  on  the 
island,  and  when  the  season  of  rains  has  ended,  and  the  enow  that 
has  aocnmulated  on  the  top  of  the  peak  begins  to  melt,  the  water 
rushes  down  in  oascades  carrying  an  immense  quantity  of  debris. 
These  streams  vigorously  attack  and  demolish  the  less  coherent  and 
homogeneous  of  the  layers  that  form  the  horizontal  strata ;  they  lay 
bare  the  rocks  of  the  dykes,  and  cut  deep  indentations  in  the  ledge 
of  the  ten  ace.  The  transverse  dykes  idone  resist  the  erosion  and 
stand  up  like  walls. 

The  rocks  were  found  hv  Mr.  Buchanan  to  consist  of  basaltic 
lavas  containing  porphyritic  crystals  of  augite,  plagioclase,  mica, 
titanic  or  magnetic  iron,  and  in  certain  cases  olivine.  The  ground- 
mass  was  found  to  consist  of  microlithsof  the  same  species,  especially 
augito  and  felspar  ;  between  these  small  crystals  lay  a  vitreous  base 
whicli  pliiys  a  wholly  subordinate  part.  At  certain  ]ioints  a  yellowish 
timunitic  mutter  has  been  deposited  as  cuucrelionary  uiasses  in  the 
pores. 

Above  the  basalt  comes  tuffs,  the  transition  being  effected  through 
rooks  that  are  richer  in  glassy  materials,  but  belong,  nevertheless,  to 
the  same  lithdogical  type. 

The  toffs  covering  the  sheets  are  formed  of  fragments  in  whksh 
the  vitreous  element  predominates ;  they  appear,  uider  the  micro* 
scope,  to  consist  of  a  vesicolar  yellowish  or  brownish  glass,  passing 
occasionally  into  the  hydrated,  reddish,  resinoid  product  of  decompo- 
sition of  certain  baeio  volcanic  glasses.  The  crystals  that  separate 
out  from  those  vitreous  fragments  belong  chiefly  togreenish  pleoohroio 
augite,  and  are  generally  irregular  in  contour.  The  preparations 
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show,  besides,  sections  of  the  same  mineral,  and  of  plagioclase  of 
smaller  size,  with  clean-cut  outlines,  embedded  i!i  the  glassy  matrix, 
and  helonginfx  to  a  secondary  period  of  consideration. 

This  tuff  is  overlain  in  turn  by  a  rock  of  the  same  kind,  but  of 
coarser  grain.  It  consists  of  lapilli  2  to  3  centimetres  in  diameter, 
and  full  of  auji^ite  crystals  visible  to  the  naked  eye.  There  also 
occur  in  it  fragmentarj'  crystals  of  olivine,  which  show  their  clastic 
origin  very  clearly  under  the  microscope.  The  augite  of  the  tuffs 
has  a  great  tendency  to  form  twin-crystals,  as  polysynthetic  as  those 
of  some  plagioclases.  The  crystals  of  plagioclase,  augite,  olivine, 
and  magnetite  are  often  of  somewhat  large  dimensions  ;  those  of 
augite  and  plagioolase  are  oocvoded*  and  show  tiie  aotioo  of  tiie  base 
wUeh  snnonnds  them. 

HomUeiide  oeonired  only  in  one  of  Ihe  ChaUmger  rocks,  bat  the 
speeinien  differed  in  no  way  from  the  other  layas  ezoept  in  the 
prooence  of  this  one  mineral. 

The  dykes  are  very  similar  in  oompoeition.  The  minerals  of  the 
first  generation  are  magnetite,  olivine,  and  plagioolase.  The  last- 
named  orystals  are  lamellar,  and  api»?oaoh  labradorite  in  oompositicm. 
Tlie  ground  mass  of  the  rook  is  almost  entirely  composed  of  aagitic 
mioroliths,  which  are  grouped  in  rosettes  or  twinned  erosswise,  and 
sometimes  planted  almost  perpendicularly  on  the  plagioolastio 
lamellae,  or  between  the  small  prisms  of  augite,  forming  a  fibro- 
radiating  aggregate.  Crystals  of  olivine  with  hexagonal  or  rhombic 
contours  are  frequent,  enclosing  a  nucleus  of  glassy  substance. 
Magnetite  hlls  up  the  interstices  between  the  various  minerals  that 
constitute  the  matrix  in  the  form  of  irregular  grains.  ' 

Inaccessible  Island,  from  which  some  of  our  specimens  come,  is 
very  similar,  and  Sir  Wyville  Thomson  was  so  struck  with  the 
general  resemblance  in  the  physical  geography  of  Tristan  and  Inac- 
cessible, that  he  thouj^ht  that  these  two  eruptive  masses,  now 
separated  by  twenty  miles  of  water,  had  once  been  united. 

The  island  lies  to  the  west  of  the  other  islands,  and  is  a  little 
smaller  than  Tristan,  from  the  smnmit  of  whieh  its  centre  is  about 
twenty-three  miles  distant.  Abrupt  oliflfs,  fringed  with  a  line  of 
breakers  girdling  the  island,  appear  at  first  sight  to  make  landing 
impossible,  bat  there  is  a  narrow  beaoh  at  the  base  of  the  Yortical 
rocks.  Inaccessible  Island  is  nearly  qoadrilateral  in  outline,  tiie 
angles  being  durected  towards  the  cardinal  points.  The  highest  part 
of  the  island  is  towards  the  west,  where  the  difb  rise  to  the  height 
of  1,810  feet  above  the  sea-level,  the  average  elevation  of  the  rooky 
wall  bmng  about  1,100  feet.  A  crag,  1,140  feet  high,  occupies  the 

*  A.  Banard,  Pbys.  Chem.  ChaU,  Eqp.  pi  tU.— 1889,  awtioD  vi.  p.  74. 
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tiouthern  angle,  and  a  conieftl  mound  of  700  feet  rises  in  the  sooth- 

west,  the  two  heights  being  separated  by  a  V-shaped  ravine. 

Nightingale  Island  is  the  smallest  of  the  Tristan  d'Acunha  group, 
lying  towards  the  south.  It  is  surrounded  by  rocks,  amongst  which 
there  are  two  islets  measuring  one-half  by  one-sixth  of  a  mile.  One 
of  these.  Middle  Island,  is  150  feet  high,  with  an  undulating  summit. 
The  second  islet,  which  also  lies  to  the  north  of  Nightingale,  is 
StoltenkotT  Island,  and  has  a  height  of  325  feet.  Nightingale  Island 
is  a  mile  long  from  east  to  west,  and  ai)out  three-quarters  of  a  mile 
broad.  A  channel,  ten  miles  wide,  and  over  465  fathoms  deep, 
separates  Nightingale  from  Inaccessible,  while  depths  beyond  1,0(X) 
fathoms  occar  in  some  plaoes  between  Nightingale  and  Tristan 
d'Aounhft. 

Nightingale  diffian  greatly  in  appearance  from  the  other  ielanda  ol 
the  groii3»,  being  more  varied  in  outline  and  surroimded  hy  eUflfB 
only  thirty  or  forty  feet  high,  and  often  less.  The  flonthem  part  ol 
the  idand  ie  more  picturesque,  the  ground  rising  by  successive  crests 
to  a  peak  1,105  feet  high,  one  side  of  which  is  almost  vertical  for  half 
its  hei^t.  The  rest  of  Nightingale  is  undulating,  and  the  roeks, 
except  at  a  few  isolated  points,  are  covered  with  verdure. 

No  traces  of  recent  volouiio  activity  are  to  be  seen.  The  rocks 
consist  chiefly  of  a  conglomerate  or  breccia  of  doleritic  fragments 
embedded  in  a  whitish  felspathic  mass.  Here  and  there  the  con- 
glomerate is  surrounded  by  beds  of  volcanic  rock  probably  of  more 
ancient  origin.  Marine  erosion  has  hollowed  the  cliffs  girdling  the 
island  into  innumerable  caves,  which  are  situated  a  little  above  sea- 
level,  and  pi-ove  that  the  island  has  hci;n  recently  elevated.  A  raised 
beach  on  the  top  of  the  cliffs  confirms  this  supposition,* 

The  volcanic  conglomerate  is  a  phonolitic  tuff.  The  bluish  grey 
rock  is  speckled  with  white  kaoliniseil  patches;  the  ground  mass  is 
waxy  and  considerably  altered,  and  is  impregnated  with  limonite 
in  some  places.  Under  the  microscope,  the  mass  is  composed  of 
minute  sections  of  nepheUne,  and  in  their  arrangement  show  a 
weU^mariEed  fluidal  structure.  Mioroliths  of  augite  are  associated 
with  the  n^heline;  sanidine,  pbgioolase,  and  hornblende  are  also 
present. 

In  this  phonolitic  mass  there  are  embedded  heterogeneous  dastio 
fragments,  which  prove  the  tufaceous  origin  of  the  rocks,  forming 
almoet  the  entire  explored  portion  of  the  island. 

Eruptive  rocks  of  an  andesitic  type  like  those  of  Nightmgale  are 
also  present,  together  with  vesicular  hornblende  andesites. 

What  the  heterogeneous  rocks  contained  in  the  tuff  are  is  not 

*  Bnehaiua,  Tnc  Boy.  Boo.,  vol.  xxiv.  p.  614. 
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diearly  stated,  but  they  appear  to  bu  basaltic  and  andesitic  rocks, 
snob  aa  we  find  in  the  Drakeusberg  tuff  necks.  In  the  South 
African  Mnaeam  gpecimens  there  m  fngmento  eonteining  sphene. 

MidcUe  IslMid  is  also  eompoied  of  a  tnfftoeoas  mara,  and  these 
two  islands,  therefore,  mnst  be  considered  to  be  two  great  tuff  neoks, 
siush  as  are  found  along  the  Firth  of  Forth  in  Scotland,  in  the  Eiffel 
and  Swabia  in  Germany,  in  Griqualand  East  and  Griqnaland  West 
in  Gape  Colony,  and  at  Bingara  in  Australia ;  but  the  extraordinary 
&ct  of  such  a  plug  projecting  out  of  the  sea  fjrom  deep  water  has 
never  been  properly  recognised.  In  the  following  pages  we  shall 
have  a  good  deal  to  say  about  sucb  aggloznerate  necks. 

An  examination  of  the  jnesent  specimens  can  add  to  the  above 
description  the  occurrence  of  gneiss  in  Tristan  d'Acunba,  and  the 
inclusion  of  fragments  of  a  spbene  rock,  possibly  an  andcsite,  in  the 
rocks  from  Nightingale  Island,  the  latter  thus  showing  some  simil- 
arity with  the  volcanic  series  of  the  Falkland  Islands.  Otherwise 
our  collection — though  much  more  restricted  in  numijer  of  specimens 
to  the  ('lhtllc)tfjcr  one— coiilaiiis,  with  the  exception  of  nepheline 
rocks,  very  mucli  the  same  types.  There  are,  however,  many  i)oint8 
exhibited  in  our  specimens,  such  as  the  presence  of  sphenu  rocks, 
which  urgently  call  for  a  proper  investigation  of  this  interesting 
group  of  volcanoes. 

The  gneiss  block  was  picked  up  by  Mr.  Hammond  Tooke  near  the 
settlement  of  Edinburgh.  The  finding  of  such  a  rock  naturally  excited 
our  interest,  and  there  was  expressed  considerable  doubt  as  to 
whether  the  block  had  not  been  thrown  out  from  a  ship  in  ballast, 
or  had  floated  thither  by  icebergs  from  the  far  south  in  ancient 
times,  when  possibly  the  island  might  haye  been  lower,  and  the 
ice  floated  much  fnrtiier  north  than  it  now  does.  In  the  Nightingale 
rooks,  however,  there  are  fragments  of  a  porphyritic  rock  imbedded  in 
the  lAYas;  these  are  minute  fragments  that  have  evidently  been 
derived  from  the  shattering  of  a  foreign  igneous  mass  of  an  acid 
type  by  explosions,  such  as  occur  in  the  throats  of  volcanoes,  and 
thus  cannot  have  been  drifted  to  the  island.  While  the  evidence  is 
not  as  good  as  one  could  wish  for,  and  would  not  be  admissible  were 
tlie  islands  more  easy  of  access,  or  had  a  geologist  been  to  the  place 
himself,  nevertheless,  it  is  reasonable  to  sup]iose  tliat  the  granite 
belongs  to  the  islands,  and  has  been  actually  spouted  out  of  the  throat 
of  the  volcanoes  in  the  same  w^ay  as  the  ^nanite  and  gneiss  in  the 
Island  of  Ascension,  a  similar  volcanic  island  in  mid-ocean. 

A  petrological  description  of  the  rocks  follows  at  the  end  of  the 
paper.  I  propose  fust  to  discuss  the  bearinfj  of  these  new  finds 
of  rocks  of  a  continental  type  on  islandi»  supa rated  by  so  many 
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hundreds  of  miles  from  the  mainlaiul,  and  surrounded  1)V  water  of 
almost  abysmal  depth.  Incidentally,  also,  I  shall  raise  the  question 
of  tlie  origin  of  Toloanoes,  and  shall  adopt  Dr.  Sterry  Hunt's  theory 
thai  lavas  are  re-melted  portions  of  the  already  solidified  crust  and 
even  of  the  older  eedimentaries,  and  that  the  foroe  that  gave  rise  to 
the  heat  was  orustal  movements  producing  frietion,  thus  reviving 
the  theory  of  Mr.  Mallet,  which,  though  universally  held  to  be  a 
brilliant  one,  has  been  rejected  on  grounds  which  do  not  appear  to  be 
sufficient. 

The  question  of  oceanic  islands  is  one  of  paramount  impoctanoe 
in  the  understanding  of  the  fonn  and  figure  of  the  globe,  iqmrt  from 
its  purely  geological  interest.  For  it  has  been  found  in  the  measure- 
ment <^  the  force  of  gravity  at  various  places  by  means  of  the 
pendulum,  that  the  value  calculated  by  usinganyone  of  the  estimates 
of  the  true  form  of  the  glot^e  is  too  great  in  oceanic  islan  d  ;<iid  too 
little  on  the  coasts  of  the  continents ;  that  is  to  say,  the  level  of  the 
sea  at  places  in  raid-ocean  is  too  low,  and  on  the  coasts  too  high,  if 
the  curvature  of  the  surface  of  the  sea  corresponded  to  its  mathe- 
matical value.  The  waters  were  said  to  heap  up  round  the  con- 
tinents and  sink  in  a  I)iisin-form  in  the  middle.  This  was  explained 
hy  the  attraction  of  the  mass  of  the  continents  on  the  water." 
Fisher,  t  however,  has  shown  that  there  is  another  possible  explana- 
tion, namely,  that  the  average  density  of  the  rocks  forming  the 
continent  might  be  less  than  that  forming  oceanic  islands,  and, 
indeed,  the  floor  of  the  ocean  as  well.  For  supposing  the  theory  of 
Isostacy  to  be  true,  then  the  continents  projecting  so  high  above  the 
sea  would  have  to  have  a  very  large  base  of  material  of  low  specific 
gravity  dipping  into  the  rock-mass  of  the  earth's  crust  in  order  to 
float  tiiem,  on  the  principle  of  an  iceberg  floating  in  water.  As  the 
average  specific  gi-a\  ity  of  continental  types  of  rock  is  2*68,  and  that 
of  the  basalts  and  andesites,  of  which  oceanic  islands  were  once 
universally  thought  to  consist  of,  is  2'96,  the  attraction  of  so  great 
a  column  of  heavy  material  would  affect  the  pendulum  sufficiently 
to  let  it  swing  the  extra  two  or  three  times  in  the  day,  when  placed 
on  an  island  in  mid-ooean  where  the  heavier  rock  was  supposed  to 
extend  downwards  to  the  region  of  pei-petual  fusion. 

The  presence  of  granite  in  islands  so  characteristically  oceanic  as 
the  Tristan  d'Acunha  group  is  subversive  of  all  that  we  have  so 
confidently  asserted  in  the  past.  Oceanic  islands  are  purely  volcanic, 
say  the  text-book-.,  ami  they  then  give  a  list  of  exceptions.  First 
and  f(H»mo8t  are  the  Seychelles  with  a  great  variety  of  rock  types 

•  Suoss.  '•  Autlitz  »ler  Erde."  vol,  I.  p.  8. 
t  "PhjHi<»o(  the  Earth's  Croats.*' 
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that  are  the  same  as  those  found  on  the  mainland  of  Africa.*  The 
explanation  of  this  is  fairly  satisfactory,  for  it  is  very  nearly  certain 
that  in  former  ages  there  was  a  great  extension  of  the  Madagaaoar 
ridge,  probably  assuming  continental  proportions,  and  this  )uM  now 
by  earth  movements  been  dropped,  and  only  the  hi^ieet  portions 
left  above  sea-levelf 

It  is  quite  legitimate  to  question  whether  the  sea  bas  not  risen 
instead  ol  the  land  sinking,  and  as  this  is  an  important  factor  in  the 
following  discnsrion  it  is  worth  while  stopping  to  examine  the  wgn- 
ments  for  and  against  at  this  place. 

The  latest  upholder  of  the  rising  of  the  sea  in  some  instances,  as 
against  the  sinking  of  the  land,  is  Mr.  Beads,  who  addooee  in 
evidence  the  great  extension  of  submarine  plateaus  that  extend  out 
from  the  continetits.  The  most  notable  examples  are  those  on 
either  side  of  the  North  Atlantic.  For  some  160  miles  off  what  is 
DOW  land  in  Europe,  the  plateau  extends,  havinj^  an  average  depth 
of  100  fathoms ;  on  it  are  the  elevations  called  the  Rockall  Island 
and  Jiank.j  and  the  Porcupine  Bank,  the  latter  only  rising  to  Hf) 
fathoms ;  the  one  is  240  miles  from  the  Irish  mainland,  the  other 
130  miles.  Similarly  off  the  American  coast  the  shelf  extends  under 
the  sea  for  a  great  number  of  miles,  and  includes  the  Newfoundland 
Bank.  Professor  Cole  also  seems  to  add  confirmatory  evidence  from 
his  quoting  the  evidence  of  Nansen,  that  between  Iceland  and  Jan 
Magen  Island  there  are  sunken  shell  banks,  j  Mr.  Reade  would 
argue  that  it  is  improbable  that  two  great  land  masses  on  either 
side  of  the  globe  would  simultaneously  sink  to  the  same  extent,  and 
leave  corresponding  shelfo  containing  the  land  surface  at  approxi- 
mately the  same  depth  beneath  the  sea ;  more  probably,  he  says, 
the  sea-bottom  was  elevated,  and  the  water  overflowed  the  margin 
of  its  former  basin. 

In  South  Africa  we  have  a  similar  shelf  projecting  into  the  ssa, 
wliose  edge  is  known  as  the  Agnlhas  Bank;  and  the  question  has, 
therefore,  interested  me  for  a  long  time.  It  is  certain  that  the 
volume  of  the  ocean-basin  can,  and  is,  repeatedly  altered  by  earth 
moven^ts  going  on  on  the  sea-floor,  the  very  fact  of  islands 
suddenly  appearing,  such  as  those  of  Graham's  Island,  or  He  Julia, 
between  E^oily  and  the  coast  of  Africa;  Sabrina  Island  off  St. 

*  B.  P.  Wright  on  the  Seychelles  lalMids,  Bep.  Brit.  Aaa.  1868,  p.  148. 

^  See  ' '  VoIoMUMS of  Oziqiwland  Eaat,**  Tmis.  Phil.  Soo.,  v6L  ziv.,  Gape  Town, 

1903,  p.  'JS. 

X  J.  W.  Jadd  and  T.  Bnpert  JTones,  Trans.  Boy.  Irish  Acad.,  vol.  xxxi.,  1897, 
pp.  W  and  97. 

S  S.  A.  Cole  and  T.  ri  ook^\  Appendix  No.  IX.  to  Part  11.  of  "  Report  on  the  Sea 
and  Inland  Fisherioti  of  Ireland  for  the  year  lUOl,"  p.  ^  of  author's  reprint. 
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Michael's  in  the  Azores  ;  and  the  Falcon  Island  in  the  Tonga  croup ; 
as  well  as  the  sand  island  in  Walfisch  Bay,  so  ably  described  by 
Mr.  Waldron  in  the  Transactions  of  this  Society,  is  clear  enough 
evidence.  The  volume  of  the  ocean  is  so  immense,  however,  that 
the  amount  of  contraction  necessary  to  raise  the  surface  level  100 
fathoms,  is  beyond  what  we  have  observed  to  be  the  possibilities  of 
eurkh-moTements. 

There  seems  to  me  to  be  a  very  simple  explaoMioii  of  the  oon- 
tinental  shelf,  if  we  assume  the  ooneotness  <^  the  principle  of 
isostatio  equilibrium,  that  is,  that  if  the  ernst  of  the  earth  be 
weighted  with  sediment  at  one  plaoe  and  relieyed  of  a  load  at 
another  by  denudation,  there  will  be  a  sinking  at  the  former  and  a 
rising  of  the  latter.  Applying  this  to  the  ease  in  question,  the 
interior  of  the  continent  being  n^dly  eroded  and  washed  away,  and 
the  materials  that  onoe  went  to  form  the  mountains  are  being 
deposited  off  the  shore  as  sediment,  there  will,  therefore,  be  a  tilting 
seawards,  the  coastal  regions  will  be  submerged  while  the  interior 
will  rise.  This  is  no  new  idea  that  is  unsupported  by  any  clearer 
evidence  than  what  I  have  just  jjiven  ;  it  can  be  actually  seen  in 
progress  in  South  America  where  the  tilting  of  the  continent  towards 
the  west  was  recognised  when  the  first  account  of  its  geology  was 
brought  home  by  Cliarles  Darwin. 

Other  examples  of  oceanic  islands  containing  continental  types  of 
rock  are  those  of  the  Falkland  Islands,  iSouth  Georgia,  and  Trinidad, 
but  these,  as  clearly  as  the  Porcupine  Bank  and  the  Eockall 
Island,  are  situated  on  the  contincntai  plateau,  and  their  geology, 
therefore,  excited  no  great  attention. 

The  Ealkland  Islands  are  especially  interesting.  They  contain 
voloanic  rocks  surprisingly  like  those  of  Tristan  d'Acunha  and  our 
Gave  Sandstone ;  primarily,  however,  they  are  made  of  rooks  which 
appear  to  belong  to  the  same  series  as  our  South  African  Witteberg 
and  Bokkweld  beds ;  at  any  rate,  the  fossils  that  have  been  brought 
from  there  aze  such  as  might  have  been  collected  in  the  Colony — at 
Ceres,  for  instance.  The  type  to  which  this  fauna  conforms  to  is 
decidedly  unlike  the  European  Devonian  fauna ;  it  is  characterised 
fay  the  Braohiopod,  Leptoeodia  flabeUitetj  Coniad,  the  Orthii 
pahmUa  of  ^forris  and  Sharps,  a  form  which,  associated  with  VitU' 
Una pustulosa.  Hall,  a  number  of  Spirifers,  Conularias  and  Trilobites 
of  peculiar  species,  is  found  throughout  North  and  South  America  in 
certain  zones  of  the  Devonian.*    We  thus  get  an  assemblsge  of 

*  Connd,  9th  Ann.  Bep.  N.T.  Oeol.  Snrrey,  1841,  p.  66 ;  Iforrto  and  BliMpe, 

Q.J.O.S.,   II..   1840,  p.    270;  Hall,   r.Ia  iit    N  Y..    IKo'l,   vol.   iii.   p.  441» 
Billings,  Oeol.  Caiwda,  1868,  p.  869 ;  Meek  and  Wortiieo,  OeoL  Surr.  Illinois,  III., 
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Fro.  S.— ItfAP.  Mbboatob's  Projkctiox. 


r^/^T^^^;??^****  extenwon  of  the  land  from  which  the  sediments  contftiiuxiff 
Leptococha  ffahrlhtcs  were  derived.  It  thus  formed  a  bar  hetiiam  thi  «2S? 
eastern  and  western  and  southern  ooeana  in  Devonian  timeL  ™* 
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animals  that  are  found  in  the  rocks  extending  over  »  great  area  from 

North  America  to  the  south  of  the  Cape  Colony,  with  a  heel  pro- 
jecting southwards  to  the  Falkland  Islands.  That  this  fauna  is  so 
8trikin«,'ly  different  from  other  contemporary  faunas  is  an  argument 
in  favour  of  a  former  continuity  in  the  land  masses  which  yielded 
the  materials  oi  fche  sediments  in  which  the  animals  are  now 
imbedded. 

Neumayr  ■  inferred  a  land  connection  between  Africa  and  South 
America  in  Jurassic  and  Lower  Cretaceous  periods  from  the  follow- 
ing evidence: — (1)  The  absence  of  Jurassic  marine  beds  on  the 
western  coast  of  Africa  and  on  the  eastern  coast  of  South  America; 
(2)  the  evidence  of  ancient  land  in  the  Cape  Verde  Islands  and 
81  Paul's ;  (3)  the  fact  that  the  Neocomian  (Wealden)  Uitenhage 
fiuma  of  die  Cape  Colony  dififers  entirely  from  the  Buiopean,  whilst 
the  Juassto  f  aona  of  western  Sooth  America  does  not. 

Dr.  BlanfoEd  states  f  that  the  Uologioal  evidenoe  of  a  former  land 
ooimeetbii  between  8oath  America  and  Africa  is  much  stronger  then 
that  in  favonr  of  a  belt  of  land  between  Afrioai  Madagascar,  and 
India,  although  the  latter  is  supported  by  geological  data.  He 
gives  among  other  evidenoe  the  presence  of  fresh-water  fishes  of  the 
important  families,  Chromidida  and  Charadnidm,  which  are  almost 
entirely  confined  to  these  two  continents,  and  the  Dipnoans, 
Lepidosircn  and  Protoptenu,  the  one  South  American,  the  other 
African,  being  the  only  representatives  of  the  group.  Very  striking, 
also,  is  the  distribution  of  the  Amphisba^nidse,  the  two  genera 
AmphiabcBtia  and  Amps  being  represented  in  both  the  southern 
continents  bordering  the  Atlantic,  while  the  genera  in  Northern 
Europe  and  North  America  are  not  nearly  related.  Dr.  Blanford 
argues  from  the  distribution  of  living  animals  that  the  land 
connection  across  the  South  Atlantic  lasted  to  a  later  geological 
epoch  than  that  across  the  Indian  Ocean. 

The  evidence  is  very  nmch  in  favour  of  this  connection  of  .\frica 
with  South  America,  and  is  sullicienlly  strong  to  base  further 
argument  upon.  It  does  not  matter  whetluT  this  connection  really 
followed  the  great  arc  through  the  Trinidad  group  and  jusi  to  the 
north  of  Tristan  d'Acunha,  and  perhaps  embracing  the  whole  width 

1868,  p.  397 ;  Ulrioh,  "  Neaes  Jahrbaoh,"  BeU.  Bd.,  Vm..  1893.  p.  60;  von  Ammon, 
Z«itaehr.  0«m1L  t.  Erdknnde,  Berlin,  1808,  p.  868 ;  Clarke,  Arohiv.  Mas.  Mse.  Bio 

de  Janeiro,  X.  1H*>9,  p.  %) ;  E.  M.  KiTidlc  -isth  Ann.  Kopt.  Geolo-jy  of  Indiann, 
1901,  pi.  ii.,  fig.  0;  Kiitzcr,  "  Grund/.uKc  der  Geologie  der  uutcrea  .Vuuuoiis 
gebieles,"  Leipzig,  1903;  Iteed,  Ami.  S.A.  Museum,  IV.,  1904,  p.  192. 

•  Denkaehr.  X.K.  Ak.  Wiaik  Wien,  lCath.-Nat  CL,  Bd.  L.,  1886.  p.  189. 

t  AnniTenaiy  Addnas,  0«d*  Boc,  LondoOt  1890,  p.  78. 
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of  Ihe  apace  between  this  and  the  oompftratiTely  shoel  water  ffaM 
runs  (hzoogh  ITemandA  Noronha  and  St.  Paul's  Bocks  to  the  ooast 
of  Sierra  Leone,  as  the  evidence  of  the  Devonian  fossils  seems  to 
indicate,  or  whether  it  l)ent  more  to  the  south,  following  the  line 
of  the  Falkland  Islands,  South  Georgia,  and  the  Sandwich  ^oup, 
then  coming  up  through  Bouvet  Island  to  the  Cape.  In  both 
directions  it  must  have  crossed  some  of  the  great  depths  of  the 
ocean  ;  the  southern  one  would  be  more  to  the  liking  of  those  who 
still  believe  in  the  permanence  of  ocean  l^asins,  ljut  a  greater  aijyss 
would  have  to  be  cro-^sed,  whereas  the  more  northerlv  alternative 
is  still  dotted  with  banks  utul  shoals.  The  point  I  wish  to  bring  out 
is  that  it  is  extremely  probable  that  beneath  the  sea  in  the  South 
Atlantic  there  is  an  old  continent  sunk  beneath  the  waters,  and 
containing  all  the  various  rocks  such  as  granites,  gneisses,  old 
sohists,  and  quartzites. 

ThAmouk  ezoees  of  vibrations  of  the  seconds  pendulum  on  stations 
in  oceanic  islands  is  5*86  yibrations  a  day;  in  the  EslUand  Islands, 
where  the  rocks  are  composed  of  the  ordinsry  materials  of  continents, 
there  is  a  defect  of  8*85  yibrations,  and  this  would  seem  to  indicate 
dearly  that  there  is  some  fundamental  difference  in  the  rocks 
ondeilying  islands  like  the  SUkland  and  Comoro  Islands  and  the 
Seychelles,  which  contain  continental  materials,  and  those  of  porely 
iraloanio  origin. 

In  the  "  United  States  CSoast  and  Qeodetio  Survey  "  there  is  an 
account  of  the  measurement  of  gravity  at  the  base  of  the  Tdcano 
Fojisan  in  Japan.  The  cone  is  12,000  feet  high,  which  was  said  to 
ha^  been  thrown  up  in  a  single  night  in  the  year  SOD  B.O.  The 
mountain  was  found  to  attract  the  pendulum  exactly  as  a 
mass  of  the  same  size  would  do  if  it  had  been  carted  thither  and 
piled  up.'"'  A  truly  oceanic  island  is  just  such  a  cone  as  Fujisan, 
only  its  base  lies  so  many  fathoms  deep  beneath  the  surface  of  the 
water,  and  it  seems  very  probable  that  the  mass  of  volcanic  ejacta- 
menta  is  sufficiently  great,  compared  with  the  mass  of  the  pendulum 
bob,  to  obscure  any  etlects  that  might  be  caused  by  the  density  of 
the  floor  on  which  the  lavas  are  piled  up.  I  do  not,  therefore,  think 
that  the  revelations  of  the  pendulum  need  necessarily  preclude  the 
existence  of  an  ocean  floor  made  of  the  same  materials  as  continents. 

Sir  John  Murray,  however,  some  years  ago  stated:  ** There 
has  not  been  found  in  the  abysmal  areas  any  land  made  up  of 
gneisseSy  schists,  sandstones,  or  compact  limestones;  nor  have 
frsgments  of  these  sedimentary  formations  been  found  in  the 

*  «*  United  StafcetOoMtftiid  GMdsttoSarvey, '  uypcudix  22,  p.  507,  WMhington,. 
U8S;  O.  Fldur,  " Fliydet  of  ths BsrUi's Onut,**  1880,  p.  851. 
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erupted  rocks  of  volcanic  islands,  though  tlioy  are  frequent  in  the 
volcanic  eruptions  of  continental  areas.''*  Darwin's  observation  of 
the  serpentine  on  St.  Paul's  Rocks  is  taken  to  be  a  volcanic  peridotite 
though  Professor  Benard  states  very  strongly  that  the  foUation  of 
the  mass,  and  the  dm\piug  out  of  the  olivine  crystals  in  the  shape  of 
•  y,  is  evidence  of  mass  deformation,  snoh  as  takes  place  in  schists, 
and  is  not  sooh  as  zesnlts  from  the  flowing  of  a  liquid  magnia, 
Frolessor  Benaid,  however,  was  nncertain ;  his  first  letter  to  Pro- 
lessor  Bosenbosoh  states  that  he  was  quite  sore  that  the  Serpentine, 
Peridotite,  or  Lhersolite— for  the  zook  has  been  called  all  three 
names — was  volcanic,  a  view  that  Professor  Bosenbnsch  endorsed.f 
In  the  Challenge  reports,  however,  he  first  states  that  it  is  vdcanie ; 
bat  adds  in  a  footnote  that  he  must  express  himself  with  more 
reserve  "  because  recent  researches  tend  more  and  more  to  establish 
the  fact  that  in  many  cases  peridotites  are  rocks  embedded  in  the 
lebisto- crystalline  series,  with  which  they  must  have  a  eonunon 
origin."  I  Neumayr  states  that  St.  Paul's  Rocks  lie  on  a  line 
characterised  by  volcanic  eruptions;  tliis  line  includes  St.  Helena, 
Ascension,  St.  Paul's  Rocks,  and  the  area  of  frequent  submarine 
volcanic  action  situated  in  lon^'.  20-22°  E.  and  lat.  0°  30'  S.§ 

Sir  A.  Geikie  supported  the  volcanic  origin  of  the  rock,  ,!  and  Mr. 
M.  E.  Wadsworth  attacked  Professor  Renard's  interpretation  of  the 
microscopical  evidence,*  and  Professor  Renard  replied.**  The  out- 
come of  the  discussion  is  represented  in  Neumayr's  acceptance  of 
the  non-voloanic  ori^  of  the  rook,tl  though  at  the  same  time  he 
recognises  that  it  lies  in  a  volcanic  region. 

While  the  evidence  at  Si  Paol's  Bocks  is  not  quite  satisfactory, 
that  at  Ascension  is  quite  definite.  Darwin  states  H  that^  '*  In  the 
neighbourhood  of  Green  Mountain  fragments  of  extraneous  rocks 
are  frequently  met  with  embedded  in  the  midst  of  scori».  They 
neady  all  have  a  granitic  structure,  are  brittle,  harsh  to  touch,  and 
apparently  of  altered  colours.  Darwin's  principal  finds  were: 
Firstbj,  a  white  syenite  streaked  and  mottled  with  red,  consisting 
of  wellocryetallised  felspar,  numerous  grains  of  quartz,  and  brilliant 
though  small  crystals  of  hornblende.  Secondly,  a  brick-red  mass 

*  Brit.  Aasoo.,  18a5,  Aberdeen,  Sature,  vol.  xxxii.  p.  582. 
t  *'M«aMJ«lirbach/'  1879. 

t  Ckattnger  Bqporta,  "  P^liologj  of  Bt  Faiil*s  Books,"  p.  15. 

S  Erdgeschichte,  Lmpsig,  1890,  p.  190. 

II  Mature,  xxvii.,  I«fl2,  p.  25. 

^  Science,  L,  p.  590,  1883. 

•*  Bol.  Boo.,  "  Edge  de  lOenMOopio,**  p.  166, 1888. 

tt  Deukschr,  k.k.  Ak.  Wing.  Wien.  Math.-Nat.  CI.,  Bd.L.,  1885,  p.  188L 

U  "  GMlogical  Obaerrationt  on  Yolcaiuo  lalanda,  "  1861,  p  40. 
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of  felspar,  quarts,  and  sisall  dark  patches  of  m  decayed  mineral*  one 

particle  of  wliich,  he  waa  able  to  ascertain  by  its  cleavage,  to  be 
hornblende.  Thirdly,  a  mass  of  confusedly  crystallised  white  felspar, 
with  Ufttle  nests  of  a  dark-coloured  mineral,  often  carious  externally 
and  rounded,  having  a  glassy  fracture,  but  no  distinct  cleavan:e  ; 
from  comparison  with  the  second  specimen  he  had  no  doubt  that  it 
was  f  useil  hornblende.  One  other  lar{^e  fragment  was  a  conglomerate, 
containing  small  fragments  of  granitic,  cellular  and  jaspery  rocks, 
and  of  hornstone  porphyries  embedded  in  a  base  of  wacke,  threaded 
with  numerous  layers  of  a  concretionary  pitchstone  passing  into 
sideromelan. 

In  the  Challcmjer  Reports  th(M-e  is  confirmatory  evidence  of 
Darwin's  observations ;  Professor  lienard  records  from  Ascension, 
amphibolic  granite,  granitite,  diabase  and  gabbro,  torn  up  from  the 
depths  by  eruptions  of  basalt  or  trachyte.  Doelter,  also,  has  ' 
zeooided  that  in  the  island  of  Mayo,  in  the  Gape  Verde  lalande, 
there  ooenr  the  rooks  that  Sir  John  Mnnay  says  are  not  to  be 
found  on  oceanic  islands,  for  instance,  compact  limestones  and 
crystalline  schists.}  The  ChaXUenQer  specimens,  however,  do  not 
confirm  Doelter's  observations.  Gneiss  also  occors  in  the  Canary 
Islands. 

In  the  far  sonth  there  is  another  volcanic  island,  the  Ganssberg, 
which  is  an  isolated  basalt  cone  rising  from  the  sea  at  the  edge 
of  the  inland  ice  of  the  Antarctic.  There  are  no  tufib,  bnt  em- 
bedded in  the  lava  there  are  large  boulders  of  granite  and  gneiss. 
The  dark  constituents,  biotite  and  probably  hornblende,  are  altogether 
melted  away,  the  lighter  materials,  quartz  and  felspar,  are  also 
affected  and  altered  by  heat  but  still  remain  in  situ.  Into  the 
cavities  which  the  melting  of  the  dark  mincnils  has  left,  tlie  glassy 
lava  has  penetrated  and  occupies  the  original  spaces  of  the  crystals 
by  a  sort  of  pseudomorphism.  Granite  and  gneiss  boulders  lay 
plentifully  about  the  summit  of  the  mountain,  showing  that  the 
inland  ice  once  covered  it.  It  is  hence  not  quite  clear  whether  the 
blocks  in  the  lava  have  been  brought  up  from  the  throat  of  the 
volcano  or  are  simply  surface-blocks  entangled  in  the  molten  mass ; 
the  iiiicnsity  of  the  alteration  by  lieat,  however,  auggests  the  former 
explaualiuu.^ 

•  B«pt.  Benltt  CA«ttciv«r  Ezped.,  "  PhjdM  and  Chemittry,"  n.,  pi.  vli. 

Report  on  the  Petrology  of  Oceanic  Islands,"  p.  62. 

t  "  Spuren  eines  alten  Festlandes  ant  dea  Cape  verditthen  Inaeln,"  Verb.  k.k. 
Oeol.  Beicbanstall,  Witn,  1661,  p.  16. 

t  B.  PhOippI,  "TeKMbitUehiuigaD  dot  lost,  for  Ueemkiuida,**  H«lt  ff,  1908, 
p.  1S6. 
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The  Island  of  South  Georgia,  separated  from  Sooth  Amerioa  hj 
1,200  miles  of  deep  ooean,  is  made  of  slates  and  orystalline  sohists. 
It  is,  thcrefores  ^^aid  to  be  OQ  the  same  continental  ridge  as  the 
Falkland  Islands;  but  as  the  sonndings  itulicate  that  this  sub« 
marine  ridge  is  continued  out  towards  the  Saodwieh  Islands,  it 
is  highly  probable  that  these  also  stand  on  a  continental  base.^ 

I  have  already  referred  to  the  Rockall  Island,  and  have  classed  it 
as  helonfritif^  to  the  continental  shelf  because  it  lies  near  the  sub- 
nierped  ])hiteau,  that  is  to  say,  it  can  l)e  re^^arded  as  an  island  ofTthe 
siihmer^^vd  mainland.  All  the  same,  tiie  channel  separating  it 
from  the  plateau  round  the  British  Isles  runs  to  depths  of  1,300  and 
l,oOO  fathoms.  Kockall  Island  lies  240  miles  distant  from  the  Irish 
coast,  290  miles  away  from  the  nearest  point  of  Scotland,  and  . 
170  miles  from  St.  Kilda  ;  it  is  situated  in  lat.  57'  36'  N.,  long.  13** 
42'  W.  It  is  about  250  feet  in  circumfereucc  at  its  base  and 
about  70  feet  in  height.  At  a  radius  of  2^  miles  from  the  rock  the 
depths  aie  teom  40  to  70  fathoms,  bat  witihin  this  airea  two  other 
small  rocks  rise  nearly  to  the  sorfaoe  ol  the  sea.  '*Haslewood 
Bock  '*  is  a  small  half-tide,  detaehed  rook,  1|  cables  from  Bodkall, 
and  **  Helen's  Beef  "  is  If  miles,  and  has  about  six  feet  of  water 
upon  it  at  low  tide.  Minute  as  it  is  in  sise,  Bookall  is  exposed 
to  the  full  swell  of  the  Atlantic,  which  rises  and  hSh  here  more 
than  twelve  feet  in  the  cahnest  weather.  The  Bev.  W.  S.  Green,  of 
the  Iiish  Eisheriee  Board,  visited  the  spot  in  1896,  in  SS.  Oramiaile, 
and  got  within  30  yards  of  the  rocks.  He  describes  the  general 
character  of  the  mass  in  the  following  words: — "The  east  face 
sefined  like  a  great  slab  of  grey  granitoid  rock  with  rectangular  joints 
broken  off  at  the  north,  so  as  to  show  the  square  edge  of  another 
slab,  and  this  was  in  turn  broken  off,  showing  the  face  of  a 
third.  This  granitoid  mass  rests  on  a  rock  showing  a  kind  of 
bedding  or  jointing,  dipping  about  east  and  at  an  angle  of  30'  or  so." 
Tlirec  specimens  of  rocks  from  this  place  were  submitted  to  Prof. 
Judd  for  determination,  one  collected  in  1810  by  Captain  Basil 
Hall  in  II. M.S.  Endipinon,  the  others  in  1862  by  the  officers  of 
H.M.S.  Porcupine.  In  each  case  the  specimens  were  obtained  hy 
an  active  sailor,  with  a  lino  attached  to  him.  sprinfjing  from  a  Ixiat 
on  to  the  rock,  and,  wheti  he  had  secured  fragments  of  it,  throwing 
himself  into  the  sea  to  be  towed  back  to  the  boat. 

Two  of  tiie  specimens  were  distinctly  granitic  iu  structure,  the 
quartz,  felspar,  and  angite  of  which  they  are  made  being  allotrio- 
morphio,  the  other  was  more  of  the  type  of  a  dyke  rook.  Apatite 

*  ThiurMh,  "  Geognistiiitihe  Beschreibung  der  Insel  bud  Georgien,  Ergeb.  d. 
DralMh,**  Polar  Exptdilfam,  AUg.  Th«U,  U.  p.  7. 
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needles  are  found  enoloeed  in  tJl  tiie  mineralfl  of  the  rook,  and 
among  ihe  secondary  minerals,  are  magnetite  quarts,  arfedsonite, 

and  a  blue  soda-amphibole. 

Prof.  Cole,  in  describing  speeimens  of  boulders  (lr(  <l<^ed  off  the 
BookaU  Bank,  states  that  they  mostly  consist  of  basalt,  pumice, 
and  sooriaoeous  andesite;  one  'specimen,  however,  was  a  grey 
micaoeoas  sandstone,  another  a  red  sandstone ;  nothing  could 
be  said  respecting  these,  except  that  they  resembled  Torridonian 
iLwd  Oidovician  rocks,  so  that  the  stratified  beds  on  Rockall  Island 
cannot  yet  be  determined.  '  The  point  of  greatest  interest  in  the 
Rockall  Island  is  that,  although  it  is  not  truly  an  oceanic  island,  yet 
lying  as  it  does  so  far  from  the  mainland,  it  still  contains  rocks 
of  the  continental  types,  and  one  must  suppose  that  similar  ones 
ai'e  to  be  found  under  the  sea  beyond  it. 

In  the  West  Indies  we  do  not  get  truly  oceanic  islands,  and  yet  in 
the  smaller  islands  no  rocks  of  a  continental  type  have  been  recorded.! 
In  nearly  all  the  larger  ones,  however,  crystalline,  schists,  sand- 
stones, and  shales  are  found.  Trinidad  is  simply  a  prolongation  of 
the  continent,  the  channel  which  separates  it  from  the  mainland 
being  only  36  feet  deep,  yet  it  is  as  certain  as  anything  cau  be  in  a 
question  of  this  sort  that  the  same  ridge  that  oanies  Trinidad, 
Puerto  Bioo,  Haiti  and  Cuba,  and  comes  up  again  at  Tucatan  on  the 
one  hand,  and  Florida  on  the  other,  is  oontinuous  throughout,  and 
that  the  string  of  Tolcanio  islands,  forming  the  lesser  Antilles,  stands 
on  a  base  made  up  of  the  ordinary  types  of  oontmental  rooks. 

Before  leaving  the  Atlantic,  it  is  worth  noting  the  persistency 
of  the  rumours  as  to  land  having  once  existed  in  mid-oeean. 
VhAo  called  this  land  Atlantis ;  Aristotle,  Antilla;  while  northern 
nations  knew  it  under  the  name  of  BrasiL  The  extraordinary  habit 
of  lemmings  in  Norway  and  Sweden,  at  oertain  periods  collecting 
together  and  making  due  west  till  they  came  to  the  sea,  and,  not 
stopped  by  this,  of  swimming,  swimming  ever  westwards  till  they  are 
all  drowned,  has  been  explained  by  supposing  that  at  some  distant 
date  they  used  periodically  to  migrate  to  some  land  now  submerged. 

Off  the  Canaries,  also,  a  mysterious  island  has  been  known  in 
legend  from  the  earliest  times.  Pero  Diaz,  a  monk  of  the  holy 
order  of  St.  Francis,  is  said  to  have  seen  it  in  1759,  lying  to  the 
west,  and  having  the  appearance  of  the  Blessed  St.  Anthony  playing 
on  a  dulcimer ;  Fernando  Correa,  fisherman,  who  saw  it  at  the  same 
time,  likened  it  to  the  head  of  a  mule  playing  on  a  fiute  ;  while 

•  Trans.   Roy.   Irish   Acn<l.,  vol.   xxxl,   1897,  pt.  3,  pp.  39-98;  extract  in 
Geological  Mufiazme,  Dec.  iv.,  vol.  vi.  No.  418,  p.  163,  April,  1899, 
t  Spaaoer,  Wart  Indian  Papers,  Q.J.G.8.,  ItOL*  1908. 
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Thomas  Smith,  Englishman,  after  a  night  of  morv-tnakiiif,'  in  the 
city  of  Santa  Cvu/.,  saw  two  ishmds."  It  was  known  to  tlie  Portu- 
guese as  the  island  of  Gomera,  and  is  supposed  to  be  that  on  which 
the  Scotch  abbot,  St.  Brandan,  landed  in  the  sixth  century.  There 
is,  I  think,  no  evidence  to  lead  one  to  suppose  that  any  of  these 
legends  had  a  basis  in  fact,  or  that  during  the  last  few  thousand 
years  this  great  mass  of  land,  or  even  considerable  islands,  have 
disappeared  beneath  the  Atlantic,  aUhou^^h  we  have  every  reason  to 
believe  that  such  did  actually  take  place  in  comparatively  late 
geological  ages. 

Turning  from  the  Atlantio  to  the  Pacific,  we  find  New  Cftledonui 
oompoeed  of  ancient  rocks,  erystalline  schists  containing  gold,  coal 
beds,  and,  in  fact,  the  nsnal  assortment  of  yarieties  of  rook  that  are 
found  on  the  mainland  of  Aostralia.  Bnt  New  Caledonia,  mani- 
feeily,  lies  on  a  submerged  ridge  connecting  New  Zealand  with 
Australia  and  Sonth-Eastem  Asia. 

In  the  Eiji  Islands  there  exists  quartzites  and  granites  forming 
the  base  on  which  the  volcanic  superstroctare  is  built.  At  Nasogo 
there  is  a  tufifaceous  conglomerate  very  similar  to  that  at  Ascension, 
containing  well-worn  pebbles  of  granite.  But  here  there  is  an 
important  addition  :  tertiary  fossils  occur  embedded  in  the  matnx. 
Besides  granite,  Woolnough  records  as  having  found  in  situ  the 
following  rocks  :  slates,  quartzites,  quartz-diorite,  and  old  sedimen- 
tary rocks  of  an  indeterminate  age.*  The  Fiji  Islands  must, 
therefore,  be  classed  among  those  standing  on  the  same  submerged 
ridge  as  New  Caledonia  and  New  Zealand. 

From  the  same  submerged  ridge  rise  the  islands,  New  Guinea, 
Borneo  and  Java,  all  with  continental  types  of  rocks. 

The  Solomon  Islands  contain  extensive  areas  of  quartzitrs  and 
schists  ;  a  coarse  hornijlendic  gneiss  occurs  at  Thousuiul  Ships  Bay 
in  Vulavu,  crystalline  iuuestone  in  Guadalcanar  and  Ysabel,  and 
jasper  in  Guadalcanar  and  Yulavu.  I 

In  the  New  Hebrides,  gndss  and  crystalline  limestone  occur  at 
Malicolo  and  Espiritu  Santo,  and  seipantine,  like  that  at  St.  Paul's 
Bocks,  at  Aneityum.  § 

We  have  thus  pushed  the  submarine  pUteau  out  from  New 
Caledonia  to  the  New  Hebrides,  from  here  to  the  truly  oceanic 

•  A.  B.  Ellis,  "  West  AWCMI  Islands,"  London,  1885. 

t  Woolnoosh,  "  lU  ContlMatal  Otigja  of  F^i ; "  Proe.  Liim.  Soo.  Walas, 

IWH,  pt.  3. 

i  Gtippy, "  The  Solomon  Uandi,  Uuir  Geology  and  Oenenl  Fmiwm,"  Loadon, 
1887. 

I  Imhans,  **  Lm  NooTeUaa  Hebrides,"  Fwie-Naney,  1890,  p.  ISa. 
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islands  constituting  the  Fiji  group.  These  last  nae  irom  the  2,000 
fathom-deep  base.    On  the  very  edge  of  this  same  plfttform,  and 

facing  the  abysmal  depths  of  the  Pacific,  rise  the  Tonga  or  Friendly 
Archipelago,  distent  over  2,000  miles  from  the  mainluid  of  Australia. 
One  of  the  group,  named  Eua,  has  yielded  among  the  volcanic 
ejactamenta  a  boulder  of  uralitized  gabbro,  and  in  the  tnflfs,  crystals 
of  red  garnet  and  tourmaline,  r.ester  very  rightly  points  out  that 
these  minerals  indicate  the  near  presence  of  crystalline  schists.* 

This  observation  raises  a  vast  subject  of  inquiry,  namely,  the 
al)ility  of  volcanoes  to  bring  specimens  of  the  underlying  rocks  to 
the  surface  in  the  form  of  small  fragments  of  dust  and  mud,  and 
by  the  study  of  these  to  allow  us  to  investigate  the  nature  of  the 
roclv  underlying  ihc  vent,  uiuch  in  the  same  way  as  when  on  a 
smaller  scale,  the  geological  surveyor  utilises  the  burrows  of  rats 
and  rabbits  in  a  district  covered  with  soil  to  see  what  solid  rocks  lie 
llOIIMitti* 

Rcom  the  earliest  times  it  has  been  known  that  volcanoes  tesr  off 
j^eoes  of  lock  from  the  throat,  deep  down  below  the  earth's  surface, 
and  eject  them  along  with  the  lavas  and  ashes.  As  a  role,  however, 
the  general  conception  of  volcanic  activity  is  that  of  an  ontponring 
of  molten  material,  or  of  the  ejection  of  this  material  which  has  been 
blown  to  powder  by  the  explosive  action  of  gases  imprisoned  in  the 
liquid  magma.  It  was  this  idea  that  obscmed  much  of  the  earlier 
writings  on  volcanology,  and  still  renders  it  difficult  to  get  people  to 
dissociate  this  idea  of  the  effusion  of  liquid  lava  from  the  popular 
misconception  of  a  liquid  interior  of  the  globe.  The  whole  trend  of 
recent  work  in  this  field  is  to  prove  that  the  interior  of  the  earth  is 
not  liquid,  and  that  a  very  large  number  of  volcanoes  eject  solely 
and  exclusively  solid  material,  that  is,  rocks  that  have  been  torn 
from  tiio  throat  of  tlie  volcano  hy  the  action  of  expansive  gases,  and 
which  have  not  had  time,  or  have  not  been  subjected  to  sufficient 
heat,  to  get  melted. 

Such  volcanoes  have  been  found  in  the  Eifeiand  Svvahia,in  Germany, 
and  on  the  Firth  of  Forth  in  Scotland  ;  hut  it  must  be  reniembered 
that  even  in  the  ordinary  types  of  volcanoes  in  Italy  that  have  been 
studied  from  the  earliest  times,  granily  and  gneiss  blocks,  unnielted 
and  unaltered,  are  occasionally  brought  to  the  surface  in  the 
eruptions.! 

Unfortunately  we  have  none  of  the  cold  volcanoes  acting  at  the 
present  moment,  unless  we  except  the  Javanese  and  Andean  mud- 
volcanoes.  In  South  Africa  the  type  has  long  been  known  to  be  repre- 

•  J.  J.  Lester,  Q.J.G.S.,  1691,  p.  600. 

t  Brsnoo,  '*  Swibicns  Ynkan  Embryomn,**  StnUttsH,  18M,  p.  760. 
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sentod  by  the  Kimberley  pipes,  whcrn  the  throat  of  the  volcano  is 
plugged  with  a  I)ieccia,  or  hardened  mud,  in  which  u  {^reat  variety  of 
rocks,  granites,  gneisses,  mica-schists,  slates,  &c.,  besides  the  basic 
eclogites,  and  even  tree-trunks  are  found. 

The  last  nanu'd  show  clearly  enough  the  small  heat  that  must 
have  existed  during  tlie  expulsion  of  the  breccia  mud,  but  it  might 
be  argued  that  the  trees  only  fell  down  into  the  mass  after  it  had 
oooled.  Against  this,  howeyer,  we  have  the  oonoIoaiTe  dxperimeDti 
of  Lusi  who  embedded  diamonds  in  the  Eimbeilite  matrix  which  he 
kept  heated  to  1»770P  0.  for  half  an  hour.  On  cooling  the  mass  and 
taking  ont  the  diamonds,*  he  found  these  intensely  coixoded, 
showing  that  the  diamonds  conld  not  haye  been  swirled  about  in 
the  magma  in  which  they  now  are  found,  and  which  was  once 
molten,  bufe  must  haye  got  into  their  present  position  while  the 
breccia  mud  was  comparatively  cold.  The  slight  amount  of 
corrosion  exhibited  in  most  Kimberley  diamonds  was  no  doubt 
caused  by  the  action  of  the  blue-^cound ;  the  original  matrix, 
however,  from  which  the  diamonds  cr}'stallised  was  in  all  probability 
a  metallic  one,  the  amount  of  titaniferous  iron  ore  in  the  blue, 
pointing  to  the  original  matrix  having  been  an  alloy  of  titanium 
and  iron.f 

Chaper  was  so  impressed  with  the  absence  of  heat  in  the 
Kimberley  mines,  the  included  blocks  being  unaffected,  and  the 
rocks  forming  the  sides  of  the  chimney  showing  no  trace  of 
metamorphic  action,  that  he  inclines  to  the  view  that  the  nearest 
analogues  of  the  outbursts  that  formed  the  Kimberley  vents  are 
those  that  take  place  in  petroleum  regions.  In  the  latter,  through 
the  action  of  carbonic  acid  gas,  at  low  temperatures,  there  occur 
sudden  bursts  of  mineral  oil  accompanied  with  sand,  the  latter 
representing,  as  it  were,  the  serpentinous  mud  of  the  Kimberley 
braceuki 

In  mid-Atlantic  the  recent  voyage  of  the  German  South  Polar 
expedition  in  the  SS.  Oaim  dredged  quarts  sand  ham  the  sea 
bottom  in  lat.  S2»  63"  S.  long.  ld»  18'  £.;  from  a  depth  of  3,750 
fathoms;  the  deposit  has  been  described  by  Dr.  Fhilippi.|  The 
sand  was  entirely  outside  the  area  to  which  land  detritus  could  be 
brought,  and  the  deposit  was  fax  too  great  to  have  been  rubble 

*  Uber  knnstliche  oomwionsfigaren  aaf  Diamaiit0ii,Baridito  d«r  dratsdi.  fibmn. 
Oeaell.,  Jahrg.  2o.  No.  14.  lUrlin,  lHf»2.  p.  2170. 

t  See  on  tlus  question,  MoinBoa,  "  Comptca  Kendus,"  oxvi.,  p.  892, 1893. 

;  Bull,  Boo.  Oeoi.  France,  3  series,  torn.  19,  pp.  8U  sad  944;  alM,  Note  mat 
la  NgioD  dianumtittra  de  rAMqm  Anitnto,  Paris,  1880,  p.  49. 

I  **  Fiisfc  Fnito  of  tha  Qmaaa  Antuotio  Ezpoditioii."  Nature,  1903,  p.  994. 
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brought  there  hy  some  gigantic  iceberg  that  had  floated  thither  in 
olden  days.  Mellard  Reside  regards  it  as  evidence  of  the  far- 
reaching  effect  of  sub-oceanic  currents,  hut  I  think  it  is  more  Hkely 
to  be  a  quiet  volcanic  eruption  of  the  type  Chaper  refers  to,  and  the 
quartz  sand  to  be  a  part  of  the  old  sedimentary  beds  forming  the 
ocean  bed  blown  to  fragments  and  strewn  over  the  ocean  floor. 

Branco  has  called  attention  to  the  fact  that  the  inclusions  in  the 
tuflf-necks  in  Swabia  are  only  in  rare  cases  affected  by  heat,  and 
the  same  has  been  observed  in  the  granite  and  gneiss  blocks  in  the 
Weinfelder  Moar  in  the  Eifel,  as  described  by  von  Dechen.f  Sir 
A.  Geikie  I  in  the  rooks  inoladed  in  the  necks  along  the  Firth  of 
says  tlie  B$m  fhing ;  in  ono  instanoe,  in  the  Tient  at  Elie  Neek, 
be  says : — **  Among  the  non-voloanio  oontents  of  the  agglomeiato, 
qpeoial  raferenoe  may  be  made  to  the  nnmerona  fragments  of 
erinoidal  limestone  in  oertain  layers.  These  show  no  trace  of 
metamorpbism,  their  crowded  organisms  being  as  clearly  recognis- 
able as  in  pieces  of  limestone  from  a  quarry."  In  the  Schleiirsbaoh 
volcano  in  Swabia,  the  marly  middle  Lias  blocks,  as  weU  as  the 
rock  in  the  circumference  of  the  pipe,  are  burnt  black,  while  the 
indnded  Belemnites  are  altered  to  white  marble.  Branco  says  the 
alteration  has  been  caused  by  the  heat  of  the  tuff,  and  not  by  the 
action  of  hot  gases,  as  Deffner  i  maintained,  hut  tiiis  heat  has  been 
so  little  that  the  fossils  have  not  been  obliterated.  Branco  deplores 
that  no  diamonds  have  been  found  in  the  German  pipes.  None  have 
been  found  in  the  Scotch  ones. 

In  Borneo  |[  diamonds  occur  in  a  peridotite  like  the  Kimberley 
rock,  but  there  is  no  mention  of  a  pipe.  In  Australia,  however,  the 
Bingara  pipe  is  in  most  respects  similar  to  tlie  South  African 
diamond  pipes,  and  diamonds  have  been  found  in  it.*^  The  very 
large  number  of  similar  pipes  tliat  were  found  l)y  Mr.  Rogers  in 
Sutherland,  leads  one  to  suspect  that  the  Indian  and  Brazilian 
diamonds  may  eventually  be  traced  to  a  breccia  neck  Uke  those  in 
Soath  Africa  have  been,  and  that  new  areas  in  which  these  cold 
volcanoes  are  found  may  be  added  to  those  already  known. 

It  is  interesting  to  note  that  one  can  trace  a  temperature  gradation 
in  these  breccias  from  entirely  cold  ones  like  the  rock  in  the  Elie 

•  «'Swabiens  12-)  Vulknn  Embryonen,"  HmttLMi?.  Is'.il.  p.  7<n. 

f  *'Geoga.  Fuhrer  zu  der  VulkHiuiehe  der  Vordercittl,"  iluim.  ISJJI,  p.  254. 

i  Geology  of  Eaateni  Pifo,  Mem.  Oeol.  Surrey,  Sootlend,  OUwgow,  1902,  p.  341. 

I  **Swabiens  Vulkan  Embryonen."  p.  546. 

II  Knop,  Sep.  Abdruk  a.d.  Bericlit.  23  Versiimml.  des  obcrrhcin  p*'ol.  Vcreins. 

^  Stonier  Occurrence  of  Diamonds  at  Bingara,  Kecords  Geoi.  Survt^y,  N.  S> 
Walea,  1894,  vol.  iv.,  pt.  2,  p.  51 ;  see  also  Card,  ib.,  yoL  tU.,  pt.  2,  p.  99. 
**  Ann.  Bcpt  Oeol.  Comm.,  1908,  Oape  Town,  1904. 
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Neck,  to  ones  which  mast  have  had  a  molten  magma  like  the 

Night in^oile  agglomerate. 

In  the  Drakcnsberg  I  found  a  great  many  of  this  kind  of  volcano, 
and  also  many  tilled  in  with  a  peculiar  white  cbiilkv-lookinp  sand- 
stone. Just  under  the  lavas  which  form  the  crest  of  tlie  Drakensl)erg 
there  is  a  thick  bed  of  sandstone  of  precisely  similar  nature,  called 
by  Dunn  the  Cave  Sandstone.  One  would  at  tirst  be  temj)led  to 
think  that  the  explosion  that  caused  the  vent,  burst  through  this 
sandstone,  and  the  shattered  remains  then  fell  back  and  filled  the 
pipe.  Against  this,  however,  we  must  remember  that  tlic  Cave 
Sandstone  is  a  comparatively  thin  band  among  a  vast  thickness  of 
beds  made  up  of  other  materials,  and  it  is  not  probable  that  the 
rending  of  the  outburst  would  affect  this  particular  bed  alone ;  if  the 
Caye  Bandttoiie  was  formed  before  the  prodnotion  of  the  material  in 
the  pipe,  then  the  latter  ought  to  be  made  up  of  portions  of  all  the 
rocks  which  the  vent  traverses,  hat  we  find  that  this  is  not  the  ease, 
and  that  the  material  in  the  pipe  is  identical  with  that  of  the  Gave 
Sandstone.  We  mast,  therefore,  sappoto  that  the  Cave  Sandstone 
was  piodaoed  as  a  toff  which  was  blown  oat  of  the  vents,  a  portion 
of  which  still,  in  some  cases,  remains  in  the  throat. 

I  was  greatly  puzzled  about  the  natore  of  the  Cave  Sandstone  ;  it 
was  so  strikingly  different  from  ordinary  sedimentary  beds,  and  had 
the  appearance  of  a  trachy tic  tuff ;  as  all  the  lavas,  however,  ronnd 
aboat  were  of  a  decided  basic  type,  I  was  at  a  loss  to  account  for 
add  material.  An  analysis  by  Mr.  J.  Lewis  gave  83*5  of  silica.  A 
microscopical  examination  showed  besides  the  quartz  grains,  micro- 
cline  and  plagioclase  felspar,  zircon,  rutile,  tourmaline,  chlorite, 
garnet,  and  epidote.  The  chalky  look  of  the  rock  was  produced  by 
a  growth  of  white  alteration  products  round  the  quartz  grains."  I 
was  obliged,  therefore,  to  consider  the  white  rock  plugging  the 
vents  as  the  triturated  material  torn  otT  from  the  throat  of  tlie  canal 
which  must  have  gone  so  far  below  the  present  surface  of  the  land 
that  it  tapped  the  deep-seated  rocks  underlying  the  newer  sedi- 
mentaries.  These  old  rocks  crop  out  in  Natal,  and  are  composed  of 
granite  and  crystalline  schists,  precisely  the  kind  to  yield  the 
minerals  found  in  the  Cave  Sandstone  and  its  prolongations  into 
the  vents. 

Had  there  been  any  land  surface  composed  of  granite  and  crystal- 
line schists  near  at  hand  from  which  the  materials  coold  have  been 
derived  by  the  ordinary  coarse  of  denadation,  I  might  have  hesitated 
on  pattnig  forward  this  view.  As  it  is,  there  are  ondoabted  sedi- 
mentary beds  of  the  Mdteno  series  anderl]nng  the  Cave  Sandstone, 

*  Ann.  Bep.  Qeol.  Comm.,  1902,  Cape  Toim,  1908. 
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and  the  sandstones  ia  them  ate  composed  of  the  detritas  of  a 
granitio  region.  The  origin  of  this  latter  rook  is  to  be  sought  for  in 
the  eTcistenoe  in  those  times  of  a  prolongation  of  the  Madagascar 
ridge  soathwards,  till  it  toodhed  the  present  eastern  ooast  of  the 
colony;  *  the  material  most  have  been  deriyed  from  the  sooth,  for 
to  the  north  hundreds  of  miles  sepaiato  the  ICatatiele  district  from 
the  granitic  regions  of  the  lhansyaal,  and  the  interyening  rocks  are 
all  sedimentary,  or,  when  igneous,  of  a  basic  type. 

The  break  in  the  deposition  of  the  Molteno  beds  marked  the  dis- 
appearance of  the  source  of  supply ;  and  the  great  difference  between 
the  nature  of  the  gHtt^ring  sandstones  of  the  Molteno  beds,  which 
with  all  their  high  content  of  unaltered  felspar,  are  interbedded  in 
clays  containing  fossil  forces,  and  are,  therefore,  truly  sedimentar}-, 
with  the  Cave  Sandstone,  in  which  the  fossils  are  large  animals  and 
bits  of  tree  trunks  and  other  plant  stems  such  as  mi^'ht  have  been 
entombed  in  a  mud.  all  point  to  the  volcanic  origin  of  the  Cave  Sand- 
stone. The  discovery  by  Mr.  du  Toit  of  pond  deposits  intercalated 
in  the  Cave  Sandstone  full  of  phyllopods,  remains  of  cockroaches 
and  other  land  insects,  is  further  evidence  that  the  Cave  Sandstone 
was  not  formed  under  water. f 

At  Ascension  Darwin  noticed  a  white  earthy  stone  forming  in 
places  isolated  hills,  at  others  associated  with  columnar  trachjrte  (?) 
He  was  struck  with  its  resemblance  to  a  sedimentary  tuff,  but  he 
ruled  out  the  supposition  owing  to  his  inability  to  explain  the 
prssence  of  crystals  of  felspar,  black  microscopical  specks  and  small 
stains  of  a  dark  colour  occurring  in  proportional  numbers  in  an 
aqueous  deposit ;  he  imagined,  therelbre,  that  the  rock  was  a  mass 
of  trachyte  that  had  been  weathered  completely  through  and  throu{^. 
1  have  no  access  to  a  more  recent  or  better  description  of  the  rock, 
for  the  Challenger  Beporta  contain  only  guesses  as  to  what  Darwin's 
lodk  may  have  been.  EhrenbergI  has  described  a  white  rock  occur- 
ring at  the  Devil's  Biding  School  as  a  pyrobiolith,  that  is  a  tuff 
oontaming  minute  organic  particles,  and  in  the  Challcwjcr  Ileports§ 
this  same  rock  is  said  to  be  made  up  almost  entirely  of  the  siliceous 
particles  of  grasses,  and  not  of  diatoms.  Prestwich  thought  that  the 
diatoms  lived  in  underground  waters  which  became  caught  up  in  the 
ascending  lava.|i  May  this  rock  not  be  a  mass  of  volcanic  ash  mixed 

'  See  "VoloMioes  oC  Oriqaalaod  East,"  Tnuu.  Phil.  Soc,  toL  ziv.  p.  98,  Cap* 

Town,  1903. 

t  Anu.        Geol.  Comm.  1904. 

X  Uebar  riMn  Iwd«at«nd«D  Inf  nsoriwi  haltendea  Ynlkaalaehen  AdMn  Tall  (^yK»> 

biolith)  auf  dor  Insel  Ascension,  Berichtc  d.k.  .\kad.  d.  WiaS,  Berlin,  1845,  p.  140. 

§  "  Chemistry  and  Physics."  II.,  VII.,  p.  42. 
II  Proc.  Roy.  Soc.,  18«6,  No.  i:4t),  p.  156. 
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with  boiling  water  that  poured  over  a  land  surface  covered  with  tall 
grasses  ?  Had  the  mud  been  hotter  the  silica  would  have  been 
fused,  as  when  a  hay-stack  burns.  This  rock,  then,  would  have  been 
similar  in  origin  to  the  Italian  peperino,  and,  as  we  shall  see  later,  to 
the  Cave  Sandstone-  Whether  Darwin's  white  rock  is  this,  or  is 
merely  a  trachytic  tuff  of  which  several  are  described  in  the  Chullcmjcr 
Beports,  must  remain  uncertain.  I  think,  however,  taking  into  con- 
Bideration  Darwin's  mention  of  the  fragments  of  granite  ejected  with 
the  other  materials  of  the  tii£b,ihat  8(Mne  of  this  peculiar  white  took, 
at  any  rate,  is  the  same  as  the  Gave  Sandstone. 

Dtum,  in  1874,*  drew  attention  to  what  he  called  peperino  heds  in 
the  strata  oyerlying  the  Molteno  beds.  By  this  term  he  meant  the 
heds  of  ashes  apart  from  the  Cave  Sandstone.  Ash  beds  oconr  in 
eoojnnotion  with  the  Cave  Sandstone  in  s(Hne  places,  for  instanoe, 
in  Matatiele,  and  the  description  of  the  peperino  d  Monte  Albano  is 
strikingly  like  that  of  the  Cave  Sandstone  in  many  respects.  The 
Italian  peperino  consists  of  a  ground-mass  of  toff,  in  which  sometimes 
angular  fragments  of  rock  are  embedded.  The  ground-mass  is  light 
grey,  fine  and  earthy,  somewhat  rough  to  the  touch,  and  often  porous; 
the  dinsy  character  shows  that  it  \vas  once  saturated  with  moisture. 
The  cavities  arc  filled  with  zeolites  and  calcite,  the  material  of 
which  has  been  derived  from  the  rock  itself.  The  porosity,  however, 
is  not  a  constant  characteristic  of  the  rock.  Light,  unaltered 
spaces  in  the  ground-mass  alternate  with  darker  patches,  wiiich 
may  be  explained  by  the  action  of  acid  vapours,  according  to 
Di  Tucci.f 

Microscopical  examination  shows  that  the  ground-nuiss  of  the 
peperino  is  composed  of  minute  particles  of  volcanic  glass  which 
enclose  numerous  crystals  of  augite  and  leucite.  These  glass  particlee 
are  attached  to  each  other  by  an  indeterminate  grey  substance. 
Besides  the  glass,  there  are  larger  particles  of  mica,  augite,  olivine, 
magnetite,  leucite,  and  fragments  of  basalt  and  leucitophyre,  as  well 
as  limestone.  These  latter  rocks  occur  as  the  finest  dust  which  can 
only  be  recognised  under  the  microscope,  and  also  as  larger  blocks 
which  are  sometimes  of  very  great  size.  Plant  remains  also  occur. 
The  peperino  occurs  in  beds  sometimes  800  feet  thick,  and  is 
divided  sometimes  by  beds  of  loose  ashes,  though  for  the  most  part 
it  occurs  as  one  great  unstratified  mass. 

Suppose,  now,  that  the  volcanic  glass  in  the  peperino  was  replaced 
by  dust  composed  of  the  triturated  rock  fragments  torn  from  the 

*  Report  on  the  Stormbezg  Ooalflelda. 

t  Saggio  di  ttodi  gedogici  toi  peperini  del  Laiio.  Beel  Aocad.  dei  Lofeei, 
Borne,  1879. 
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throat  of  the  volcano,  we  get  an  ahiio.st  identical  rock  to  the  Cave 
Sandstone.    To  take  the  irsenihlances  point  by  point: — 

Both  contain  cavities  tilled  in  with  zeolites ;  in  the  Cave  Sand- 
stone ugaics  replace  the  calcite  amygdules,  a  natural  consequence 
on  the  difference  in  basicity. 

Botii  OQntoin  patches  of  lighter  and  darker  material,  irbk^ 
ehaneter  ia  also  present  in  Darwin's  white  rook  horn  Asoemnon. 

Both  oontain  fossils  sooh  as  might  be  entombed  in  a  liquid 
mod. 

Both  are  made  of  minnte  fragments  of  non-voloanio  rooks;  in 
the  peperino  only  to  a  small  extent,  in  the  Cave  Sandstone  generally 
to  the  ezehision  of  Toloanie  partioles,  bat  patches  do  ooeur  in  whioh 
there  are  Tolcanic  fragments. 

Both  are  volcanic  products,  and  both  attain  a  maximum  thickness 
of  800  ft.,  but  the  continuous  area  of  the  Cave  Sandstone  is  greater 
than  that  of  the  Italian  rook. 

Both  axe  nearly  always  solid,  unbedded  masses,  but  both  occasion- 
ally are  separated  by  ash  beds. 

Both  are  the  result  of  the  activity  of  a  great  number  of  vents. 

The  pepcrino  is  supposed  to  have  poured  out  as  a  mud.  Pongi 
maintains  that  it  came  up  in  the  throat  as  a  mud,  like  in  the  case 
of  the  mud  volcanoes  of  Java  and  South  America,  i)Ui  other  authors 
hold  that  it  is  only  a  volcanic  tuff  which  has  obtained  its  water  from 
the  atmosphere  either  from  rain  or  from  masses  of  snow.f  The 
teaching  of  the  Kiniberley  pipes  seems  to  point  to  the  fact  that 
Pongi  was  right,  but  liie  matter  is  very  hard  to  adjudicate  on. 

In  the  Cave  Sandstone  we  have  many  peculiar  features  that  could 
be  explained  by  the  supposition  that  it  flowed  out  from  the  crater 
mouths  as  a  mud.  For  instance,  it  is  hard  otherwise  to  account  for 
the  immense  thickness  of  the  embedded  mass ;  it  is  hard  to  explain 
the  sudden  change  of  great  thicknesses  of  the  white  rook  to  a  red 
dayey  material;  and  still  more  mysterious  is  the  pseudo-bedding 
that  one  can  see  at  N'quatsha's  Nek,  where  the  stratification  is  just, 
such  as  would  be  produced  had  the  whole  been  sturred  round  in 
a  gigantic  pot  like  a  pudding.  The  relation  of  the  present  liver 
drunage  to  the  chain  of  volcanoes  shows  that  the  whole  area  must 
have  been  dry  laud,  and  the  sub-aqueous  origin  of  the  Gave 
Sandstone  must,  therefore,  be  conudered  very  doubtful.  Leopold 
Von  Buch*  thought  the  Italian  peperino  had  been  deposited  in  the 
sea,  but  it  can  be  proved  that  this  rock,  at  any  rate,  was  never 

•  Reale  Accad.  del  Luicei,  Rome,  1879-SO,  Mcmorio. 

f  Branco,     Swabons  llo  Viilkan  Enibryonen,"  p.  G99. 

X  "  Geogaostischo  Beobaohtungeu  au(  Eeison,"  Teil  II.,  Berlin,  lti09,  p.  70. 
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under  water,  so  the  parallelism  between  the  two  rocks  is  further 
brought  out  from  the  history  of  the  theories  regarding  their  origin. 

I  have  brought  these  facts  together  to  show  that  in  the  Tonga 
Islands,  in  Tristan  d'Acunha,  and  in  Ascension  there  are  signs 
of  volcanic  tuffs  made  up  of  non-volcanic  material  like  the  Cave 
Sandstone,  and  that  the  dust  of  which  they  are  composed  mutt 
have  been  torn  off  cold  from  the  throat  of  the  volcano,  and  that 
the  rooks  which  snnonnd  the  throat  are  of  ordinary  continental 
types  of  rock. 

To  pass  these  ^ts  in  review*  we  find  that  we  can  commence  with 
an  example  like  the  Island  of  Trinidad  or  the  EalUand  Islands, 
which  stand,  without  doubt,  on  a  continental  shelf.  Then  we  have 
an  island  like  South  Georgia,  or  New  Caledonia,  which,  though  sur- 
rounded  on  all  sides  by  open  water  of  1,000  to  2,000  &thoms  depth, 
yet  bear  such  unmistakable  signs  of  belonging  to  a  continental 
area  that  there  has  never  been  any  doubt  of  the  fact.  Then  we  have 
the  Fiji  group,  an  isolated  collection  of  voloanio  peaks  separated 
from  New  Caledonia  by  a  wide  stretch  of  deep  ocean,  still  unmis- 
takably showing  their  continental  origin  from  the  nature  of  the  base 
on  which  they  stand.  Then  we  have  the  Tonga  group,  as  truly 
oceanic  as  any  island  can  be,  still  affording  evidence  of  having  a 
continental  base.  And,  finally,  the  Lesser  Antilles,  showing  no  direct 
evidence  of  continental  origin,  yet  standing  on  a  ridge,  the  two  ends 
of  which  come  to  the  surface  at  Trinidad  and  Puerto  liico,  and  show 
that  the  whole  is  composed  of  continental  types  of  rock. 

With  such  evidence  before  us,  can  we  still  assert  that  the  oceanic 
islands  are  volcanic  cones  rising  from  the  abysmal  depths  of  the 
sea,  and  that  the  ocean  floor  from  which  they  spriug  is  made  of  a 
t]rpe  of  rock  difEarent  from  lliat  which  fonns  the  oontinents?  For 
my  part  I  think  that  we  have  sufficiently  dear  proof  that  they  all 
spring  from  continental  ridges,  and  that  tiie  outer  crust  of  tiie  earth 
is  uniform  in  composition  throughout  the  continents,  and  througiiout 
the  area  covered  by  the  ocean. 

What,  after  all,  are  volcanoes  ?  If  we  fix  our  attention  on  those  in 
eruption,  or  which  are  still  in  the  condition  in  which  they  were  when 
they  were  active,  we  can  easily  be  led  to  believe  that  they  are  vents 
that  reach  down  to  the  molten,  or  potentially  m<^ten,  interior  of  the 
earth.  But  when  we  come  to  examine  the  volcanoes  <A  an  earlier 
age,  and  those  which  have  been  dissected  by  long  continued  pro* 
cesses  of  denudation,  we  come  to  a  deqp-seated  base  of  plutonic 
rocks,  granites,  gabbros,  Ac,  and  we  come  to  regard  the  lavas  as  the 
mf)re  easily  niched  scum  ilmt  is  driven  off  from  an  inmiensely 
greater  area  that  remains  behind  to  re-solidify  slowly  in  the  great 
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depths.  These  zesidiuJ  masses  of  lock  aze  not  oomposed  of  materials 

of  great  specific  gravity  snoh  as  we  would  expect  if  the  volcanio 
vents  really  did  go  down  to  enormoas  depths,  hat  are  precisely  similar 
in  average  density  to  the  ordinary  sedimentary  rocks  of  the  surface. 

In  South  Africa  we  have  had  our  attention  riveted  to  two  classes  of 
igneous  action  :  the  intrusion  of  basic  rocks  in  strata  already  cxist- 
infT  and  tho  f^xtrusion  of  lavas  on  the  surface.  Both  are  prohaiily 
acconipaiiied  with  the  formation  of  vents  filled  with  non-volcanic 
material,  these  tuff-  and  boulder-filled  pipes  of  the  former  j^ioup 
being  connected  with  the  great  dolorite  intrusions  to  which,  however, 
they  are  subsequent;  while  th(!  lavas  are  connected  with  the  boulder- 
and  tuff-filled  necks  which  were  formed  both  previously  to,  and  con- 
tern  {)oraneously  with,  the  extrusion  of  licjuid  rock. 

There  is  a  third  kind  of  volcanic  activity  which  finds  its  expres- 
sion in  the  vast  masses  of  amygdaloidul  melaphyre  that  apparently 
welled  up  through  great  fissures  without  the  accompaniment  of  vol- 
canoes. In  the  Gcdony  Mr.  Bogers  and  I  have  stodied  them  in  the 
Frieska  Divisbn,*  and  they  are  in  all  respects  similar  to  the  Bnsh- 
veld  amygdaloid  in  the  Transvaal.  These  are  probably  connected 
with  vents  filled  with  riiyolite  and  add  hreooias  which  occur  in  the 
Hope  Town  Division,  but  they  are  too  little  ondeistood  to  contribnte, 
to  my  argument.  All  we  know  about  them  is  that  they  are  exceed- 
ingly ancient,  being  found  intruded  among  rocks  which,  if  litho- 
logical  similarity  can  be  taken  as  a  guide,  are  Arohasan,  the  Indian 
Ymdhyan  rocks  and  the  Lake  Superior  iron-bearing  series,  being  the 
same  not  only  in  composition  but  in  the  order  of  the  superposition 
of  the  several  members. 

The  first  two  groups  are  connected  with  great  movements  in  the 
earth's  crust. 

Tn  Willow^more  we  get  masses  of  quartzite  belonging  to  the  Table 
Mountain  series  crushed  and  ground  to  powder  as  if  caught  in  the 
jaws  of  an  enormous  press.  The  brecciated  rock  occurs  at  the 
crossing  of  two  systems  of  folds.  The  cubic  content  of  one  of  these 
masses  in  Baviaan's  Kloof,  which  could  be  actually  seen  and 
measured,  was  over  a  cubic  mile.  I  have  referred  to  this  pheno- 
mena already, 1  and  have  shown  that  the  enormous  force  recjuisite 
to  crush  such  a  vast  mass  of  the  most  resistant  rock  would,  had 
there  been  a  flux  or  had  the  material  been  of  a  less  refractive 
nature,  resulted  in  the  fusion  of  the  mass. 

Mallet  held  mueh  the  same  views.   He  says :  "  The  result  of  the 

•  Ann.  Rep.  Geol.  Comm.,  1809,  Ciipe  Town,  11)00. 

t  Hot  Springs,  GeoL  Mag.,  1904,  p.  252 ;  Ann.  Bep.  Oeol,  C!omm..  1906,  Cape 
Town,  1904^  p.  US. 
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crushing  is  to  produce  irrefj;iilar  masses  of  pulverised  rock,  heated 
more  or  less  highly,  that  may  extend  to  any  depth  witliiii  the  earth's 
crust ;  but  it  is  only  to  such  depths  as  water  can  percolate  that  the 
deepest  focus  of  volcanic  activity  can  be  found.''-^'  In  the  Drakens- 
berg  the  volcanoes  are  situated  on  a  line  of  crustal  deformation.!  A 
large  number  of  the  vents  have  brought  only  solid  rocks  to  the 
surface,  fragment  and  boulders  of  granite  and  erysfeallme  Behisto — 
though  I  had  oofy  to  reooid  the  prosenoe  of  a  fragment  of 
crystalline  limestone  among  the  boulders  in  ICatatiele,  yet  the  tolb  are 
soffioiently  good  OTidenoe  to  gronnd  my  argunent  upon  with  this 
isolated  boolder,  for  I  imfortmiately  had  a  yery  limited  time  in  whioh 
to  proeecote  my  investigations,  and  was  hindered  by  the  legolations 
oonse^nent  on  the  war  that  was  then  raging  while  I  was  surveying 
the  Matatiele  Division,  and,  also,  I  was  working  in  an  altogether 
new  area.  It  is  very  improbable  that  a  single  boulder  of  the  oldsr 
series  should  exist  in  the  whole  district. 

Bound  Molteno  there  are  a  number  of  vents,  of  which  Telemachus 
Kop  is  the  largest ;  Mr.  Dunn  says  that  among  the  rocks  in  the  neck 
there  are  many  that  are  quite  unlike  any  in  the  district.  Mr.  du 
Toit,  also,  in  Elliot  |  found  bluish  white  quartzites  that  are  probably 
derived  from  the  Table  Mountain  series  or  perhaps  from  the  Dwyka 
conglomerate  lyiii^  between  the  Table  Mountain  sandstoiir  and  the 
newer  sedimentarics.  In  Sutherland  Mr.  Rojjcrs  detinitely  records 
Table  Mountain  sandstone  in  the  pipes  in  the  Saltpetre  Kop  area 
along  with  granites,  mica-schist,  grits,  and  shales,  so  that  the  rock 
did  im(l()ul)tedly  come  from  the  underlying  basement  of  the  Karroo 
sedinifiitaries.^ 

The  simple  fact  of  having  these  solid  rocks  brought  up  in  the 
volcanic  pipes,  proves  to  my  mind  that  the  chimneys  cannot  have 
their  origin  in  really  profound  depths  in  the  earth's  orust,  for  had 
they  so  penetrated,  tiie  enormous  pressure  that  exists  at  such  depths 
would  have  brought  the  molten  rook  welling  to  the  surface  to  the 
exclusion  of  all  solid  material.  We  seem,  therefore,  in  the  Drakens- 
beig  to  get  what  was  wanting  in  the  Baviaan's  Elciof  folded  area, 
namely,  an  enormous  force  applied  to  a  rock-mass  oontaining  a  flux, 
and  sufficiently  deep  in  the  earth's  orust  to  keep  the  fracturing  of 
the  rook  under,  and  thus  to  concentiato  the  effoots  of  the  force.  As 
the  mass  aoted  upon  oontained  limestone,  as  witness  again  the  lime- 

•  Pliil.  Tnins.,  vol.  rlxiii.  p.  167. 

f  VolcuDoeti  of  Giiqualaud  Ea.st,  Trauti.  Phil.  Soc.,  Cape  Tuvvu,  1U03,  vol.  xir. 
p.  ge ;  Ann.  B«i>.  Oeol.  Comm.,  1903,  Gape  Town,  1908,  p.  89. 

*  Ann.  Hep.  (t<  ol.  Omun.,  1908,  Cape  Town,  1904,  p.  198. 
%  Ibid.,  pp.  61-6a. 


Digitized  by  Google 


The  Bocks  of  Trittan  d^Acunha. 


87 


■tone  boiilder,and  the  test  of  the  material  was  gpraoHe  and  eryBteUine 
sdhiats,  as  witness  the  natme  of  the  Gave  Sandstone,  the  mass 
leeolting  fiom  the  fusion  together  of  the  basio  and  aoid  ^ypes  of  loek 

resulted  in  the  production  of  moderately  basiB  types  of  igneous  rooks, 

which  are  the  lavas  of  the  DrakensberfT. 

In  the  Sutherland  and  Kimberley  pipes  I  have  said  that  they  are 
piobably  connected  with  the  intrusion  of  the  dolerite.  My  line  of 
argument  is  that,  din-ing  the  deposition  of  sediment  in  Kai  rc^o  times, 
the  floor  on  which  they  rested  was  obliged  to  sink.  In  doinfj  so, 
the  deeper  layers  stretched,  and  being  already  consolidattnl,  tliey 
tended  to  crack.  The  rock  at  such  great  depths  is  in  an  unstable 
condition,  half  too  refractive  to  melt  under  the  ))ressure,  and  half 
sufficiently  fusible  to  do  so,  hence  the  material  that  became  molten 
was  forced  up  into  that  which  had  fractured  under  the  })ressure,  and 
the  dolerite  of  the  Karroo  was  thereby  injected  into  the  strata  along 
pre-existing  cracks  formed  by  the  bending  of  the  sediments.  The 
age  of  this  intrusion  is  lixed  between  fairly  narrow  limits;  it  was 
after  the  deposition  of  the  £cca  beds,'-'  for  they  are  found  south  of 
the  folded  momitain  region  in  Robertson,  and  took  place  before  the 
dose  of  the  Cietaoeous  period,  for  borders  of  dolerite  ooonr  in  the 
ooarse  conglomerates  of  that  formation  in  Pondoland.f 

The  whole  series  of  Karroo  rocks  now  became  heated  by  the 
addition  of  so  much  intensely-hot  material,  and  there  are  exceedingly 
interssting  phenomena  connected  with  this  stage,  as,  for  instance, 
the  distillation  of  coaly  material  into  vertical  cracks  at  Leeuw  River's 
Poort  and  in  the  Cambdeboo  Mountains.!  Heated  rock,  like  every 
other  kind  of  material,  expands,  and,  as  a  result,  the  rooks  exerted  a 
tremendous  lateral  push. 

There  is  a  great  deal  of  doubt  as  to  how  far  a  lateral  stress  can  he 
oommunicated  along  a  mass  of  rock.  In  experimental  examples  the 
most  interesting  is  Mr.  Reade's  observation  on  tcrra-cotta  copings 
set  in  cement.  These,  forming  the  top  of  a  wall,  were  exposed  to 
the  sun's  rays,  and  expanded,  pushing  the  neighbouring  one  aside  or 
riding  over  it.?  The  same  effect  is  shown  by  the  same  author  in  his 
book  on  the  "Evolution  of  Karth  Structure,"  in  the  case  of  a  sheet  of 
lead,  where  prolonged  alternations  of  heat  and  cold  rtisulted  in  the 
raising  of  an  anticlinical  ridge,  the  whole  effect  of  the  expansicjii  being 
transmitted  along  the  sheet  of  flexible  metal  which  was  not  held 
down  by  any  cement,  yet  the  relief  took  place  along  one  line  only. 

*  Ann.  Rep.  Geol.  Comm.,  1896,  p.  38. 

t  Ibid.,  1902,  p.  44. 

;  Ibid.,  1902,  Cape  Town,  1903,  p.  16. 

i  G«>1.  Ifag.,  1888,  p.  96 ;  **  Evoliitioii  of  Earih  Stmctcne,**  1906,  p.  904. 
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Wo  have  at  least  some  evidence  to  go  upon  when  we  say  that  the 
hcatinn;  of  the  Karroo  rocks  produced  an  expansion  which  became 
checked  along  tiie  outer  rid<^e  of  the  structural  basin,  that  is  to  say, 
on  the  outside  of  the  Karroo,  where  a  zone  of  old  schists,  slates,  and 
granites  exists.  The  lateral  thrust  expending  itself  against  this  buffer 
forced  up  the  strata  just  witliiu  it  in  a  series  of  folds  wliicli,  on  the 
south,  form  the  folded  mountain  ranges  of  the  colony.  The  thrust 
could  not  have  come  from  the  south,  as  the  granite  bars  the  way  for 
the  tmnsmiSMon  of  throat  m  this  dureotion. 

At  the  other  end  of  the  expanding  strata,  where  they  abutted 
against  the  old  pre-Cape  rooks  of  Frieska  and  Qriqnaland  West, 
there  was  no  buckling,  bat  the  immense  pressure,  relieved  thoa^  it 
was  to  the  sontii  by  the  formation  of  folds,  resulted  in  some  re- 
adjustment  of  the  strata,  the  transmission  of  the  stress  not  being 
porfeotly  free ;  and  it  seems  that  it  was  the  boffer  of  old  sedimen- 
taries  and  granite  that  was  crashed  and  not  the  Karroo  rocks 
themselves  (see  Fig.  3). 

The  tearing  and  rending  of  the  rook  masses  resulted  in  the  ultimate 
fusion,  the  production  of  gases  from  the  volatilisation  of  the  water 
and  carbonates  held  in  the  rocks,  and  the  consequent  production  of 
the  vertical  pipes  of  Kimberley  and  neighbourhood.  Very  little  truly 
molten  nuitter  resulted  from  the  action  of  the  Kimberlev  volcanoes  : 
in  Sutherland  Mr.  Rogers  has  recorded  a  good  deal  of  melilite-basalt 
as  occurring  in  the  vents,  but,  in  the  great  majoi'ity  of  cases,  the  pipes 
are  tilled  with  material  that  has  merely  been  blown  to  fragments 
without  fu>-;ion. 

Looked  at,  therefore,  in  th(>  light  of  actual  evidence,  Tristan 
d'Acunha  witli  its  volcano  bringing  uj)  niatcriuls  which  show  that 
it  rests  on  a  base  of  continental  rocks  goes  far  to  add  one  more  nail 
in  the  cofl&n  of  the  theory  of  the  Permanence  of  Ocean  Basins,  which 
the  researehee  of  Lester  in  the  Tonga  Islands  and  Woolnough  in  the 
Fiji  Islands  had  already  assailed  along  similar  lines,  a  theory  which 
has  long  held  the  field  from  the  brilliancy  of  its  advocacy  by  Mr. 
Wallace. 

Looked  at  from  the  theoretical  standpouit  which  oar  researches  on 
the  volcanoes  of  Soath  Africa  have  led  as  to,  namely,  that  volcanic 
aoticm  is  not  a  deep-seated  one,  bat  the  resaltant  df  earth  move- 
ments, the  intensity  of  which,  concentrated  apon  certam  fasible 

portions  of  the  strata  affected,  such  as  the  limestones  and  dolflcitet 
and  schists  heavily  charged  with  iron,  gneisses  and  hornblende 
schists,  melted  these  in  some  cases  with  the  production  of  lava,  and 
simply  blew  them  to  pieces  at  others  with  the  formation  of  such 
rocks  as  the  Cave  Sandstone.   Not  only  does  this  conception  of  the 
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nature  of  volcanic  action  help  us  in  the  undersi;iii(lin«,'  of  the  South 
African  occurrences,  hut  it  is  in  accord  with  a  large  number  of  facts 
which  have  previously  been  the  cause  of  much  speculation,  such  as 
the  small  depth  of  the  oric^in  of  earthquake  tremors  previous  to 
volcanic  eruptions,  and  the  production  of  nuid-vulcanocs  vomiting 
boiled  fish.  It  also  explains  the  situation  of  volcanoes  like  those 
forming  the  Galapagos  Islands  on  the  points  of  intersection  of  two 
Mte  of  folds  acting  at  right  angles  to  each  other,  the  tearing  and 
rending  being  natorally  greatest  at  these  straetoral  nodes. 

The  well-known  fact  that  voleanoes  do  ooonr  on  straetoral 
displaoements  ean  now  leoeive  a  new  inteipretation ;  no  longer  do 
we  oonoeiTe  these  folds  opening  great  cracks  that  penetrated  to  the 
mcdten  interior  of  the  earth,  thus  violating  all  the  laws  of  Isostaey, 
or  ^triiat  was  known  before  the  Americans  called  the  eqnilibciam 
of  the  earth's  crust  by  this  name,  namely,  the  doeue  of  fissnrea  at 
grsat  depths  owing  to  the  pressure  that  the  wd^t  of  rock  ezerta, 
but  we  look  to  these  stmctural  lines  as  the  actual  seat  of  the  fusion 
of  the  rock,  the  motion  and  friction  of  the  bending  and  shearing 
being  translated  into  heat,  and  the  volcanoes  thus  naturally  forming 
on  these  lines. 

The  question  of  whothor  the  sedimentary  rocks  and  the  older 
crystalline  series  in  their  immense  variety  can,  when  fused  together 
in  different  proportions,  give  rise  to  the  various  kinds  of  igneous 
rocks,  is  too  large  a  one  to  go  into  here,  and  is  a  matter  of 
compilation  of  rock  analyses,  which,  with  skilful  arrangement,  could 
be  made  to  prove  or  disprove  the  theory.  The  only  difficulty  that 
I  have  come  upon  in  thinking  the  matter  over  is  the  great  amount 
of  titanium  in  our  Kimherley  and  Sutherland  pipes,  but  the  dilliculty 
is  of  the  same  order  as  the  presence  of  manganese  at  Wellington 
and  Hout's  Bay,  which  has  fonned  from  solution  and  redeposition 
from  waters  soaking  out  from  the  TaUe  Mountain  sandstone,  a  rock 
that  is  stained  blue  with  iron  sulphides. 

There  is  a  fairly  general  concensus  of  opinion  that  the  view  of  the 
Interior  of  the  earth  as  set  forth  by  Prof.  Judd  in  his  edition  of 
Scrope's  "Volcanoes,"  and  endorsed  by  Frot  Suess,*  is  correct, 
namely,  that  the  interior  of  the  earth  is  composed  of  a  heavy  metallie 
centre,  surrounded  by  a  siliceous  slag.  If  volcanoes  do,  Aerefore, 
penetrate  to  the  great  depths,  would  they  not  bring  great  mnnnns  of 
metallic  substances  with  them  to  the  surface  like  the  nickeliferous 
iron  of  Ovifak  in  Greenland  ?  Not  a  single  oceanic  island  composed 
of  volcanic  rocks  has  yielded  a  mine  of  any  sort  of  metal. 

That  volcanoes  have  nothing  whatever  to  do  with  the  molten 

*  Nature,  voi  Iziv.  p.  €89. 
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interior  of  the  eairfli  is  very  eleariy  bcon^t  oat  in  Ftoi  Vogt*8 
zeMeiohee,  where  he  shows  iliet  the  beeic  and  add  rooks  of  oontinentel 
tsfpee  aze  each  characterised  by  metals*  eaeh  gnmp  having  peculiar 
metals  associated  with  them.  These  continental  types  of  igneoos 
rook  are  solidified  portions  of  the  earth's  int^  tior,  that  is  to  say, 
they  are  the  original  fundamental  rock  that  has  had  no  alterations 
in  its  constitution  brought  about  by  denudation,  deposition,  or 
re-melting.  The  following  table  given  by  Prof.  Vogt  is  expressive. 
It  sliows  the  preponderance  of  certain  metals  in  the  two  groups 
of  rocks: — 

AoD  loiraouB  Boon.  Basio  lomBOus  Bocn. 

Smocm  to  a  great  exteal.  SUSoon  to  a  Ian  azfesnt. 

IVttMl  and  lithinm. 

BfltyUfmii. 

AlnTq<ttiii||w^ 

Iron,  manganete,  nlokd,  and  oolialt. 

Wolfram,  u run iuin,  and  molybdenum.  Chromium. 
Tantalum,  niobium.  Vanadium. 

Tin,  lirkofiimn,  thorium.  Titanium. 

Gold,  platinum,  iridiom,  oamimn. 
Boron.  Phosphorua. 

Sulphur. 

Fhiorine.  Ghlorioe.* 

The  teaching  of  the  above  list  is  to  show  that  when  the  rocks  are  in 
earth's  crust  below  the  zone  of  the  existence  ol  stratified  tookt  that 

there  is  a  magnetic  differentiation,  and  that  there  is  a  separation  into 

two  groups,  acid  and  basic.  Y.ach  fjroiip  attracts  to  itself  certain 
elements,  including  a  certain  proportion  of  metals.  We  tind,  too, 
that  this  (lifTerontiation  goes  on  side  by  side,  and  is  not  affected  by 
the  distance  from  the  earth's  centre.  Given,  th«  iefore,  that  the 
crust  of  the  earth  is  a  slaggy,  siliceous  mass  supported  on  a  metallic 
centre,  the  teachinf^  of  Vogt's  work  shows  that  the  slaj^'^y  material 
separates  out  acconling  to  some  law  of  the  mutual  afVmities  of  the 
elements,  rather  than  the  simple  action  of  gravity  on  ihc  elt-ments 
composing  the  rock  magma,  according  to  their  densities.  We  enter 
on  a  field  of  reseaich  in  which  volcanoes  have  no  part,  and 
we  see  that  oeeanio  Yoloanie  islands  are  not  composed  of  the 
material  of  whioh  the  normal  original  baeio  rooks  of  the  earth's 
emst  oonsist. 

•  Ueber  die  relative  Vcrbreitung  der  Elemente,  besondcrs  der  Schwermetalle, 

•and  die  Coiieentration  dcs  urspriinglich  fein  verthoilton  Metallgehattes  zu 
Erzlagerstathcn,  J.  H.  L.  Vogt,  "  Zeitschrift  praktische  geologic,"  IHDH,  p.  314. 


Digitized  by  Google 


42    Tramactiom  of  the  South  African  PhUotophiDal  SoeUty, 


Dr.  Sterry  Hunt  was  led  by  an  altogether  different  train  of 
reasoning  to  come  to  much  the  same  result,  namely,  that  volcanio 
lavas  are  re-melted  portions  of  sedimentary  beds  ;  he  considered  the 
water  in  volcanic  rocks  to  l)e  that  which  they  had  originally  held 
when  deposited  in  the  ordinary  way,  ■  and  that  they  were  rendered 
fluid  by  the  under  surface  being  forced  into  the  region  of  rock  fusion. 

In  conckision,  I  have  brought  forward  evidence  to  show  that 
a  continental  ridge  crossed  the  Atlantic  from  Africa  to  South 
America;  it  prohahly  extended  from  Cape  San  Roque,  through 
St.  Paul's  rocks  to  Sierra  Leone  on  tlie  north,  and  from  the  south 
of  Brazil,  through  Tristan  d'Acuniia  to  the  Capo  of  Good  Hope  on 
the  south ;  it  prohably  existed  from  Devonian  to  late  Tertiar}'  times. 

I  have  shown  that  oceanic  islands  are  not  exclusively  Tolcanic, 
but  that  the  materials  found  among  their  ejaetamenta  oo&tam 
certain  types  of  roek  that  are  known  as  continental 

I  have  shown  that  volcanoes  are  not  caused  by  pipes  that  reach 
to  the  piofotmd  depths  of  the  earth  and  tap  a  pFoblematical  molten 
magma,  bat  are  more  probably  due  to  the  heat  caused  by  the 
cmshing  of  rocks  along  stmctoral  lines. 

I  have  shown  that  the  Ime  normal  original  rocks  of  the  earth's 
crost  are  profoundly  di&rent  from  the  basic  rocks  of  yolcaaic 
eruptions.  It  follows,  then,  that  the  Tristan  d'Acunha  group, 
though  volcanic,  stands  on  a  continental  ridge,  and  the  volcanoes 
of  whi(  h  it  is  composed  are  the  result  of  a  fusion  of  continental 
types  of  rock. 

And  in  regard  to  the  permanence  of  ocean  basins  I  have  brought 
forward  clear  evidence  that  continental  tj'pes  of  rocks  underlie  the 
great  oceans,  and  that,  therefore,  the  confinement  of  the  waters 
to  their  present  area  throughout  geological  time  must  be  considered 
to  be  unlikely. 


Tbistan  d'Aoumba. 

No 'lis       ^  dense  stony  nodule,  slaty  black,  and  mottled  on  the 
iL'^y*  outside  with  little  white  rounded  spots. 
Under  the  microscope : — 

A  very  fine  crystalline  matrix  remarkably  even  in  texture,  com- 
posed of  minute  laths  of  felspar,  all  perfectly  formed  and  terminated 
by  definite  crystalline  boundaries.  The  laths  are  all  extended  in 
one  direction,  very  few  lying  diagonally;  they  average  "01  milli- 
metres in  breadth. 

The  augite  is  in  very  fine  granules,  but  frequently  shows  crystalline 

*  Tnns.  GuaMdffi  PhU.  Soc,  vol.  zU.  p.  414. 
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farm;  they  an  for  (he  most  pari  Tery  minuie,  *005  millimetres  or 
80,  but  a  few  larger  ones  ooawc. 
Aboat  equal  in  numbers  with  the  angite,  and  of  the  same  siaee, 

there  are  specks  of  iron  ore.   There  is  no  residual  glass. 

Small  rounded  patches  crowded  with  iron  ore  indicate  portions  of 
the  magma  that  have  cooled  rapidly,  the  felspar  laths  wrap  round 
such  areas,  and  thus  show  that  the  inclusion  of  these  little  specks  is 
due  to  motion  during  the  flow  of  the  molten  material. 

In  the  matrix  thfio  are  ai)undant  large  crystals  of  iron  ore  and 
often  enclosing  portions  of  the  microcrystalline  hase.  They  fre- 
(juently  seem  to  have  gathered  round  tliein  the  augite  and  iron  ore 
granules  to  the  exchision  o£  the  felspai-;  the  laths  of  the  last  mineral 
wrap  round  the  whole. 

Very  rarely  porphyritic  crystals  of  the  augite  and  large  laths  of 
the  felspar  occur.  The  augite  is  strongly  refractive  and  sometimes 
pleochroic  from  bright  yellow  to  colourless ;  round  the  edges  there  is 
a  thin  zone  of  more  ferruginous  material,  indioating  fusion  at  the 
periphery.  The  felspar  laths  are  about  *1  millimetre  in  breadth  and 
show  fusion  at  the  ends,  giving  the  laths  a  spindle  shape ;  minute 
augite  granules  have  grown  up  on  the  fused  portion,  showing  a 
certain  amount  of  transfusion. 

Slirlo  A  puce-coloured,  stony  matrix,  crowded  with  largo 
IBta^allVor  black  augite  crystals,  about  ^  inoh  in  diameter,  and 
andesite.  white  fleoks  of  felspar.  The  augite  is  tarnished  with 

iridescent  colours. 

Under  the  microscope: — 

Matrix  the  same  as  the  last,  only  the  laths  are  more  irregularly 
placed,  though  they  still  show  tiow  structure,  and  there  is  a  sprink- 
ling of  larger  augite  crystals. 

Porphyritic  crj'stals  of  large  si/e  include  magnetite,  augite  and 
lahradorite.    A  few  small  granules  of  oHvine. 

The  augite  is  in  large  crystals,  enclosing  felspar,  magnetite,  and 
sometimes  smaller  grains  of  augite,  with  which  the  larger  crystal  has 
not  grown  up  in  sympathy. 

The  lahradorite  is  in  square,  stumpy  forms,  often  showing  the 
albite  as  well  as  the  periciine  twinning.  Sometimes  the  stumpy 
laths  focm  star-shaped  aggregates,  but,  as  a  rule,  the  crystals  are 
not  lath-shi^ed.  The  large  untwinned  crystals  frequently  show 
soning  and  shadowy  extinotion,  with  more  basio  interiors.  They 
endose  granules  of  augite. 

Olivines,  mostly  in  small  grainS)  but  sometimes  larger  ones  occur, 
showing  crystalline  faces. 
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Slide       A  dense  sxey,  stony  rock,  with  lighter  spoto  on  the 

No  1141.       ^  / 
Pflnj]l     outer  surface. 

Under  the  microscope  : — 

The  same  as  1139,  with  larger  granules,  and  without  the  flow 

sti  ueture.    The  section  is  veiy  transparent,  and  the  boundaries  of 

the  minutest  augite  granule  can  be  distinctly  seen.    There  is  a 

great  amount  of  residual  glass,  which  is  a  hali-formed  felspatbic 

mass. 

No  U4a  ^  ^ena®  blaok  lava,  with  small  vesioles;  rounded 
Buf^lloglilgg.  patches,  containmg  somewhat  larger  vesiolee,  occur 

throughout  it. 

Under  the  microscope  : — 
The  rock  consists  of  two  portions.  The  one  or  more  normal  type 
is  a  glass  full  of  black  granules,  in  whicli  long  laths  of  felspar  are 
confusedly  set.  There  are  a  number  of  small  i-ounded  vesicles,  the 
rims  containing  a  biownish  limonitic  glass,  less  dense  than  the  main 
mass.  Tlie  other  kind,  which  penetrates  the  first  with  a  detinite 
black  line  between  the  two,  is  composed  of  the  same  glassy  matrix, 
more  discoloured  by  weathering.  In  this  last  there  are  lai'ge 
irregular  vesicles,  bordered  by  a  wide  zone  of  clear,  colonrless  glass. 
In  the  interior  of  the  Teeioles  there  is  a  brownish  opaque  deposit. 

Slide        A  friable,  light  and  dark  grey  mottled,  stony  rook  with 

No.  1148.  i.  1  r 

BiiM.lt  <.r  crystals  of  augite. 

umlt  site.       Under  the  microscope  : — 

The  same  as  Slide  No.  1140,  with  larger  granules,  and  a  good  deal 
of  residual  glass. 

The  uugitcs  show  twinning,  with  re-entrant  angles  and  zonal 
struetui-o,  also  inclusions  of  olivine  and  magnetite. 

The  felspars  show  Carlsbad  twinning  and  zoning,  also  rims  of 
growth  or  alteration. 

The  olivine  is  very  fresh,  usually  associated  with  magnetite ;  it 
does  not  show  orystdline  boondaries,  but  is  not  ooRoded. 

The  matrix  is  oomposed  of  felspar  laths,  enstatito,  and  magnetite. 
The  enstatito  is  granular  only,  some  of  the  larger  individmils  show 
the  lath-form  giving  straight  extinction  and  the  rhombic  section, 
with  the  little  §^a8s  tabnle  m  the  centre.  There  is  a  certain  amoimt 
of  flow  straotnre  shown  in  the  laths  wrapping  ronnd  the  larger 
msgnetite  crystds  and  the  other  porphyritio  minerals. 

Slide        A  Stony,  vesicular  rock  with  many  crysiais  of  augite. 
^Fntwtt^  Under  the  microscope : — 

Large  crystals  of  augite,  felspar,  olivine,  and  magnetite, 
set  in  a  microcrystalline  base. 
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The  auf^ite  is  in  large  crystals  often  intergrown  with  magnetito, 
and  enclosing  small  giwiulesof  otivine;  it  frequently  shows  twinning 

and  zonal  sh-ucture. 

Tlie  felspars  are  large  individuals,  having  the  vitreous  look  of 
sanidine  ;  they  are  twinned  on  the  Carlsbad  and  Baveno  systems, 
though  the  bigger  crystals  are  often  unstriated,  they  are  probably 
labrailoiite  from  measurement  of  the  angles  of  extinction.  The 
lath- shaped  striated  crystals  sometimes  are  aggregated  in  radiating 
bunches. 

The  olivine  is  rare,  with  little  brown  alteration  products  round  the 
outeide;  it  is  <rfteo  adpressed  against  larger  crystals  of  magnetite* 
axid  is  inoluded  u  granules  in  the  krge  augites. 

The  matrix  is  oomposed  of  felspar  laths,  angite,  enstatite, 
magnetite,  and  glass. 

The  felspar  laths  are  very  frail  things,  showing  incomplete  growth, 
and  seldom  show  a  definite  termination.  The  larger  forms  inelnde  a 
quantity  ol  tiie  matrix. 

The  augite  is  in  small,  ill>formed,  ]i|^t  wine-red  laths,  giving 
oblique  extinction,  and  is  not  SO  strongly  refractive  as  the  enstatite, 
with  which  it  is  often  intergrown.  The  crystal  forms  tend  to  the 
simple  prism  and  basal  plane,  and  the  minute  orystal  laths  often 
show  the  hour-glass  struoture. 

The  enstatite  is  in  more  refractive  laths,  giving  straight  ex- 
tinction and  rhombic  sections,  and  is  not  so  plentiful  as  the  augite ; 
it  is  slightly  coloured  yellow.  Down  the  centre  there  is  the 
characteristic  tubular  space  filled  in  with  glass. 

The  magnetite  is  in  crystals  and  granules. 

The  glass  is  colourless,  with  minute  colourless  refractive  hair-like 
growths.  An  isotropic  mineral,  sometimes  showing  hexagonal 
sections,  at  oiiu  rs  ii  i-egulur,  is  probably  one  of  the  felspathoids,  or 
their  alteration  product,  analcime  ;  the  great  rarity  of  the  mineral 
makes  it  impossible  to  determine  it ;  it  contains  the  same  hair-like 
crystals  as  the  glass. 

• 

Slide       A  fine-grained,  creamy-ooloured  rook,  resembling  a  tuff 
T  "  h^-te  ?     <^PPWUioe,  with  rounded  patches  of  coarser  materials ; 

in  a  similar  but  harder  sample,  large  sanidine  can  be 

seen  with  the  naked  eye.  This  loose  tuff  has  many  points  of 
similarity  with  the  black  basaltio-looldng  rook  from  Nightingale 

Island  (ShdeNo.  1162). 

The  matrix  is  a  felspathic  paste,  on  which  there  are  ill-formed 
laths  and  dusty  granules  of  exceedingly  minute  size.  The  laths  are 
incipient  felspar,  while  the  bright  yellow  microiites  and  granules 


Digitized  by  Google 


46    TransaeHom  of  ih$  8<nUk  African  PkUotopkieal  Soeieijf. 


mfpne  with  augite.  A  namber  of  small  orystaU  and  gnios  of  sivooa 
Iblflo  occur  in  the  mass. 

Tn  this  base  there  are  large  crystaU  of  sanidine,  hornblende,  and 

sphene. 

The  sanidine  is  in  straight  latlis,  ver}'  fresh  internally,  with  dusty 
alteration  products  round  the  edges  and  along  the  cleavage  cracks. 

The  hornblende  is  very  interesting ;  it  is  surrounded  by  a  halo  of 
alteration  products,  principally  bright  yellow  augite  and  magnetite. 
In  Slide  No.  1147  there  arc  similar  sections,  in  which  all  original 
mineral  substance  has  been  changed  to  a  mixture  of  magnetite,  augite 
and  felspar.  What  we  see  in  the  present  slide  is  probably  an  early 
stage  of  wliat  we  see  in  No.  1147,  in  which  the  ferro-magnesiao 
minenl,  oanght  in  the  molten  magma,  has  been  wholly  meta- 
morphosed. 

The  sphene  is  in  large  crystals,  greyish  yellow,  with  ohaiaoteristie 
sfasgreened  snrfaoe,  marginal  reflexion,  and  high  inteiferenoe  oolonra. 
The  mineral  is  also  oorionsly  abundant  in  the  rook  (Slide  No.  1159) 
from  Nightingale  Island,  and  is  also  oharaoteristio  of  one  of  the 
Chailenger  rook  specimens  from  the  Falkland  Islands.  This  last  is 
so  interesting  that  it  may  be  well  to  set  down  the  Bev.  Benard's 
description  of  it,  especially  as  attention  has  primarily  been  directed 
to  the  non-volcanic  series  in  these  islands.  It  is  a  fine-grained 
felspathic  sandstone,  formed  of  an  a^^pregate  of  quartz  and  felspar 
grains,  containing  fragments  of  mica-schist,  glassy  vesicular  lavas  and 
red  porphyries,  plagioclase  felspar,  quarts,  and  sphene,  with  scales  of 
chlorite. 

Besides  these  comparatively  unaltered  elements,  there  are  patches 
composed  of  aggregates  of  magnetite  and  augite  granules,  evidently 
the  ullL  i  t  d  remnants  of  ferro-magnesian  minerals. 

The  idck  scoins  to  be  similar  in  microscopical  characters  to  the 
amphibolic  andesite  containing  sani(hne  of  the  Challcmier  rocks,  but 
I  believe  the  rock  is  an  originally  basic  rock  which  has  ))icked  up  and, 
to  a  certain  extent,  absorbed  fragments  of  a  porphyritic  acid  type. 

Slide        A  red  vesicular  bomb;  matrix  hard  and  stony.  Open 
^Bauatf   8p<^8  filled  with  powdery  white  growths  turning  yellow 
on  tiie  exterior.  There  is  no  rim  of  anything  of  the 
nature  of  a  cooled  outer  surfooe.   Plenty  of  large  augite  cry  stals. 
Under  the  microscope : — 

An  opaque  mass  with  minute  laths  of  felspar  and  granules  of 
augite  and  olivine  forming  the  matrix. 

Porphyritic  crystals  of  augite,  enstatite  and  olivine,  all  with  many 
enclosures. 
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The  augite  is  in  large,  ainiple  and  twinned  crystals ;  they  enclose  large 
irref^lar  spaces  filled  with  the  opaqne  matrix;  in  one  instuncn  the 
plane  of  composition  of  the  twin  is  the  Beat  of  a  arge  2one  oi  matrix, 
"which  contains  olivine  grains. 

The  enstatite  is  in  large  crystals  with  the  same  sbagreened  sm-face 
as  the  olivine,  but  with  low  interference  colours.  It  is  slightly 
coloured  yellow,  weakly  pleocln-oic  to  blue,  in  contrast  to  the  olivine, 
which  is  quite  clear  and  colourless.  The  crystals  show  no  decom- 
position along  the  cleavage  cracks,  while  the  olivine  has  red  stains 
along  the  oracks.  The  enstatite  has  been  corroded,  and  portions  of 
the  nuitriz  dip  into  the  Bubstance  of  the  crystals,  making  pegs  and 
mnshnxnn-shaped  indentations;  the  olivine  is  not  corroded.  The 
enstBtile  has  rounded  efiolosnies  of  the  opaque  glass,  the  oUvine 
shows  no  indnsions. 

The  divine  is  in  dearly-defined  crystals,  showing  forms  with  dome 
faces  without  the  basal  plane. 

Very  rarely  there  is  a  small  porphyritie  crystal  of  plagiodsse,  in 
stout  oolnmnar  forms,  with  perfoct  crystalline  contonrs  except  for  a 
little  conosion  along  the  sides.  Indnsions  of  glass  occur  in  strings 
along  the  axis  of  the  prisms. 

H<?^14  ^^^^  ^^^^^  lighter  rounded  spots,  stony,  and 

^^g^ '  showing  fluidal  parting  planes,  crystals  of  augite. 

Under  the  microscope : — 

Matrix,  a  fine-grained  aggregate  of  well-formed  felspar  laths, 
augite  granules,  strongly  pleochroic  biotite  and  magnetite,  with 
a  good  deal  of  clear  residual  glass  showing  a  certain  amount  of 
bi-refringence.    There  is  a  distinct  fiow-structure. 

Porphyritic  crystals  of  augite,  olivine  felspar  and  magnetite. 

The  augite  is  in  aggregates  that  seem  to  have  been  crushed 
together,  though  some  are  intergrown  crosswise.  The  larger 
specimens  show  zoning  and  inclusions  of  felspar  lutlis  and  magne- 
tite; their  edges  have  been  melted  and  recrystallised  in  the  less  basic 
variety  of  augite  as  shown  in  the  clearer  granular  forms  of  the 
matrix. 

The  olivines  are  in  irregular  erystaJs,  very  dear  and  fresh  with 
indusioiis  ol  magnetite  and  somelames  forming,  as  it  were,  small 
adjuncts  to  the  larger  magnetites. 

The  felspars  are  striated  and  are  sometimes  altered  with  develop- 
ment of  soisite,  otherwise  they  show  a  great  number  of  indnsions 
ancwiged  along  the  oiystalline  axis;  the  ends  are  corroded. 

Thore  ace  darker  patches  in  the  matrix  showing  crystalline 
boundaries  which  are  fused  ferro-magnesian  minerals;  they  are 
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composed  of  the  same  aufrite  and  magnetite  as  the  general 
ground-mass,  but  the  latttn-  mineral  is  in  far  greater  proportion  ; 
some  felspar  substance  is  also  present.  One  of  thera  shows  a 
residual  portion  of  augite  ;  therefore  it  is  probable  that  these 
patches  represent  crj'stala  that  have  got  into  the  magma  from 
previously  consolidated  lava.  From  the  .similarity  in  Slide  No.  1145, 
where  the  hornblende  is  altered,  1  have  thoui;ht  that  perhaps  these 
patches  represent  melted  up  portions  of  extraneous  rocks,  and  the 
unusual  presence  of  btown  mica  in  great  quantities  in  the  matrix 
lends  some  sort  of  support  to  this  view. 

The  magnetite  is  in  large  cr^  stals,  and  has  grom  vg  with  it 
crystals  of  aogite,  olivine  and  plagioolase*  The  felspar  laths  of  the 
matrix  show  a  streaming  round  the  crystals,  strmger  than  those  for 
any  of  the  other  porphyritic  orystals. 


Slide  A  slaggy,  ropy,  vesicular  red  lava,  with  crystals  of 
No.  1148. 


Under  the  microscope: — 
An  opaqne  matrix  with  laths  of  felspar  blown  into  a  network,  with 
zonnded  vesicles. 

Large  porphyritic  crystals  of  augite,  olivine  and  felspar,  with 
ooeasional  black  stony  patches,  representing  indnsions  of  dirt. 

The  augite  is  in  large,  sharply-bounded  orystals  with  «med  edges ; 
sometimes  it  ooeurs  also  in  little  aggregates  of  stumpy  columns. 

The  olivine  is  quite  fresh,  with  glass  inclusions ;  it  sometimes  is 
in  irregular  forms  grown  up  with  magnetite. 

The  plagiooUse  is  sometimes  in  very  large  individuals ;  it  shows 
inclusions  of  glass  which  form  a  sort  of  reticulation.  There  is  a 
certain  amount  of  alteration  to  zoisite.  The  end  portions  of  the 
larger  crystals  are  sometimes  bent 


Slido  ijjky  black  vesicular  bomb,  in  which  the 

are  far  larger  in  the  periphery,  where  they  are  coated 
with  a  brownish-red  deposit.  Towards  the  centre  the  rock  becomes 
less  vesicular,  and  in  the  centre  it  becomes  a  ropy  fibrous  glass, 
the  strands,  as  it  were,  separated  from  each  other. 
Under  the  microscope : — 

The  matrix  is  a  brown  granular  glass  crowded  with  minute 
granules  of  magnetite,  through  which  the  felspar  laths  show 
somewhat  shadowy.  Only  one  porphyritic  crystal  is  apparent; 
it  is  an  augite,  one  part  of  which  has  been  changed  to,  or  has 
had  included  in  it,  brown  hornblende. 
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No*  1150       ^  ^vhite  mica  and  biotitc  gneiss,  showinfj  well-marked 
partings  caused  by  the  a^^grcgation  of  mica  platea.  The 


whole  boulder  is  rounded  as  if  water-worn. 
Under  the  microscope  : — 

Biotite  in  normal  pleochroic  brown  plates,  sometimes  with  a 
non-pleochroic  feebly  doubly  refractive  green  alteration  product. 
The  muscovite  is  also  <juitc  normal  and  very  fresh. 

Quartz  in  large  proportion,  showing  hackly  borders  and  a 
oertain  amoant  of  dusty  matter  between  the  contiguous  grains. 
No  large  fluidal  cavities,  though  dusty  inclusions  ooonr,  which  may 
be  minute  esvlMes  or  merely  dost;  slender  apetito  needles  and 
Iriehito-like  arystab  also  axe  praeeni  Some  ol  ihe  giaine  ehow 
atrain  eflEBoks,  as  if  there  had  been  an  attempt  to  granulate  the 
whole,  this  appearanoe  mider  oroeaed  nioola. 

The  ielapan  ace  miorocline,  with  atroaka  of  albite,  showing  almoat 
invariaUy  the  mieroperthite  atmotoxe. 

There  are  some  patohes  of  isotropio  snbetanoe,  clear  and  oolonrieea, 
with  atrong  aingle  vefraotion;  the  aobatanoe  falls  oat  in  grinding  the 
aeotion,  ao  that  it  ia  diffionlt  to  aay  what  the  mineral  ia.  The  moat 
likely  anggeation  ia  garnet 

Slide       A  red  atony  lava  with  irregala^ rounded  Tedolea,  oom- 
preaaed  and  flattened 
Under  the  mioroaoope  : — 

An  opaque  glass  with  dusty  ^^ranules  and  well-formed  laths  of 
felspar.   Tiie  amall,  rare  poiphyrifeic  orystala  are  angite. 

NiOHTINOALB  IbLANI). 

Slide         A  fine-grained,  semi-crystalline,  blackish  rock,  with 
AndesUi^   scattered  little  laths  of  felspar;  sheared,  and  weathers 
glass.     with  a  pitted  surface. 

Under  the  microscope  : — 
A  fine,  transparent  glass  cointaining  microscopic  rods  of  augifce  and 
IB-formed  latha  of  felapar. 

The  angite  ia  in  very  minnte  lath-ahaped  cryatela ;  the  felspar  latha, 
as  is  often  the  case  where  the  angite  ia  oryataUine  and  not  granular, 
seema  hardly  to  have  orystalliaed  out  of  the  glaaay  base,  which  ia  an 
indefinite  felapathio  maaa.  Magnetite  ia  wholly  aubordinate  and 
exiats  in  grannlea.  Long  apatite  needlea  ahatply  tenninated  by  the 
simple  pyramid,  aometimea  grown  together  in  parallel  position,  at 
others  showing  the  characteristic  transverse  cracks,  the  separate 
portions  of  the  needle  being  sometimes  quite  far  apart ;  they  are  of 
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a  ligbt  wine  ooloor  in  the  oentoe*  thowing  feeble  pleoofavoiim  ^ih 
graetert  ebeofption  elong  ihe  tnoe  of  the  short  aade  d  the  niooL 

In  this  paste  there  aie  mineral  aggregates,  which  appear  to  be  Ihe 
shattered  remains  of  a  pvenooaly  oonsolidated  rook. 

The  inolnded  fragments  are  : — 

A  little  aggregate  of  orthoclase,  piagioolase,  biotite,  sphene,  mag- 
netite, apatite,  and  chlorite  ;  the  junction  of  the  minerals  is  obscured 
by  an  alteration  product  with  the  interference  colours  of  calcite. 
Little  flecks  of  white  mica  are  developing  on  the  felspars  besides 

dusty  alteration  products. 

The  orthoclase  grains  are  in  untwinned  lumps  showing  shadowy 
stmin  extinction,  and  also  in  little  clear  Carlsbad  twins.  The  plagio- 
clase  is  closely  striated.  The  biotitc  is  an  irregular  piece  showing 
the  usual  strong  absorption  when  the  cleavage  lies  parallel  with  the 
short  axis  of  the  nicol.  The  sphene  has  a  rira  of  titaniferous  iron. 
The  chlorite  is  in  a  scale  with  very  low  bluish  interference  colours. 
The  felspar  crystals  show  frayed  ends  where  they  have  been  partly 
dissolved  in  the  liquid  magma,  but  along  the  sides  the  niiuuic  laths 
of  the  matrix  lie  parallel  to  them  without  melting.  As  usual,  there  is 
separation  or  segregation  of  magnetite  near  the  ferro-magnesian 
eoDStitaent. 

Another  grain  shows  odihoolase,  a  slightly  pleoohioio  augite, 
sphene  and  magnetite.  The  felspars  have  a  rim  of  absorption  in 
whioh,  near  the  inner  edge,  there  are  little  Uaek  tobnles  set  at 
angles  to  the  edge.  Apatite  ooeoxs  also  in  minute  rods. 

Loose  grains  ol  orthoelase  are  f oond  in  the  matrix  showing  some- 
times dear  rims  of  absorption.  They  are  often  assooiated  with 
biotite. 

Mioa  is  oommon  in  detaehed  flakes;  roond  them  there  is  a  sooe 

of  olear  orystalline  substance  full  of  magnetite  granules. 

Sphene  is  very  abundant  showing  a  feeble  pleochroism.  The  shape 
of  the  crystals  is  characteristic,  and  the  index  of  double  refraotion 
and  strong  dispersion  point  to  the  identifioation  of  this  mineral 

Moderately  pleochroic  augtteSi  yellow  and  greenisfahUue,  occur ; 
they  have  not  the  absorption  rims  of  the  biotite,  and  seem  to  have 
remained  unaltered. 

Magnetite  grains  are  rounded  previous  to  being  embedded  ;  the 
felspar  laths  wrap  round  them,  but  there  is  no  separation  out  of 
magnetite  granules  as  there  is  round  ihe  biotite. 

This  extraordinary  rock  show^s  that  the  heat  of  its  melting  point 
was  sutlicient  to  attack  the  ends  of  the  orthoclase  crystals,  but  not 
sufticieiit  to  melt  the  sides  ;  it  shows  that  it  has  the  power  of  leach- 
ing out  the  iron  from  ihe  biotites  but  not  thai  of  the  augites,  and 
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appwendy  was  powerless  to  ad  on  the  magnetite  crystals.  It  shows 
that  the  deiiYed  fragments  have  not  been  subjeeted  to  long  exposure 
to  heat  after  being  embedded. 

InACCKBSLBLE  IsiiAND. 

^  Slide        A  fine-grained,  black  basaltic  rook,  with  small  crystals 
EnstaUto  ^  angite  (enstatite  ?),  showing  irridescent  tarnish  colonrs 
felspar    and  enstatite ;  veeioles  muoh  drawn  out  and  compressed ; 
Bl.ggyonthe«pp««a&oe. 

Under  the  microscope  :— 
A  felted  mass  of  laths  showing  a  somewhat  indistinct  fluidal 

structure  around  the  long  drawn-out  vesicles. 

Tlie  greatest  bulk  of  the  crystals  are  felspar  laths  shown  in  some 
three  grades  of  size,  tiie  smallest  ones  sometimes  aggregated  with 
fibrous  brushes.  The  middle  size  are  long,  slender  laths  sometimes 
with  shai*p  terminations,  but  the  glassy  matrix  often  dips  into  tlie 
termination,  making  it  ragged;  glass  often  also  forms  an  axial  string 
down  the  lengths  of  the  laths.  The  largest  size  attain  almost  por- 
phyritic  dimensions  and  arc  crowded  with  irregular  glass  inclusions. 
The  felspar  laths  are  often  clasped  by  the  enstatite  crystals.  The 
larger  felspars  are  monoclinic,  that  is,  they  arc  sanidine.  The 
matrix  is  composed  of  felspar  laths,  enstatite,  magnetite,  and  brown 
glass. 

The  enstatite  is  a  light  yellow,  strongly  refractive  mineral  showing 
in  rfaombio  sections  and  square*ended  laths;  the  erystal  form  is 
mrasnal  and  is  simply  made  of  the  prism  and  basal  plane.  Nearly 
always  there  is  a  tabolar  hollow  down  the  centre  filled  with  a  honsy- 
brown  glass.  The  piaaooidal  cleavage  is  often  seen  nmning 
diagonally  across  the  rhombic  sections,  the  crystals,  however, 
usually  break  up  with  irrsgnlar  cracks.  Interference  cobors  never 
exceed  yellow.  The  average  breadth  of  the  laths  is  *03  mm., 
but  some  are  larger ;  there  is  a  number  of  minute  granules  of  the 
same  mineral  in  the  matrix.  Barely  the  enstatite  has  adherent  to 
it  a  crystal  of  magnetite,  but  there  is  no  increase  in  the  iron  content 
of  the  silicate  which  would  be  shown  by  a  higher  colour  and  con- 
sequent pleochroism.  The  macropinacoids  arc  sometimes  present ; 
rarely  the  laths  are  grown  together  in  a  bunch.  The  very  small 
crystals  of  the  matrix  often  show  the  prisms  with  the  more  usual 
pointed  terminations  caused  by  the  presence  of  the  maorodomes. 
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THE  FOBMING  OF  THE  DBAKENSBEBG. 
By  Albx.  L.  du  Toit,  B.A,,  F.G.a 
(Bead  November  30,  1904.) 
(FuNuhed  wUh  the  jpermUtum  of  the  (Mogieal  Conmission.) 

L'lMTBODUCmON. 

The  Drakensber{:j  is  tlie  south-eastern  edge  of  the  great  tract  of  high 
ground  forming  Basutoland.  It  extends  northwards  to  form  the 
boundary  between  Natal  and  the  Orange  River  Colony,  while  its  pro- 
longation westwards  forms  the  Storml)erg  area.  Though  of  extreme 
interest  geologically,  the  Drakensberg  has  not  attracted  very  much 
attesutioik  from  Soath  African  geologists,  and  papers  upon  its  geology 
and  mmefalogy  aze  but  few ;  among  the  most  important  are  those 
by  Cohen,  I>ann,  Ghmvhill,  and  Schwan.  The  recent  geological 
■mrvey  of  a  congiderable  area  aionnd  Elliot,  Barkly  Bast,  and  on  the 
Basnkkland  border,  has  yielded  a  large  amonnt  of  information 
oonoeming  the  rocfcs  composing  this  portion  of  the  Drakensberg  and 
their  geological  history. 

Aeooiding  to  all  authorities  the  oharaoter  of  the  rocks  vazies  bnt 
little  oyer  an  immense  area,  and  it  is  almost  safe  to  say,  that  the 
conditions  nnder  which  they  were  formed  most  have  been  almost 
the  same  all  over  the  area  now  occupied  by  them. 

Consequently  from  the  examination  uid  study  ci  the  south- 
western  portion  of  this  area  it  is  possible  to  get  a  very  good  notion 
of  the  formation  and  elevation  of  this  vast  tract  of  mountain  country 
— the  highest  in  Southern  Africa. 

The  rocks  which  go  to  build  up  this  mountainous  area  belong  to  the 
uppermost  division  of  the  Karroo  formation,  to  the  Stormberg 
series,  so-called  from  its  typical  development  in  that  part  of  the 
country  where  the  beds  were  first  mapped  in  detail.  The  Stormberg 
beds  cover  an  immense  area  in  South  Africa:  namely,  in  the  Cape 
Colony  (Eastern  Province  and  Native  Territories)  about  10,600 
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square  miles ;  \n  Basutohmd  (the  whole  of  that  country)  10,300 
square  miles  ;  hut  their  extent  in  the  Orange  BiTer  Colony  and  over 
Natal  can  only  be  guessed  at  roiiphly. 

The  Stormberg  series  is  divided  up  as  follows,  in  descending 
order : — 

4.   Volcanic  beds. 

8.    Cave  sandstone. 

2.   Bed  beds. 

1.  Molteno  beds. 
The  oharaoters  and  extent  of  each  of  these  divisions  will  have  to 
be  briefly  desoiibed,  in  order  to  aaoertain  the  conditions  nnder  which 
they  wece  laid  down. 

n.— Tea  SsDDiBMTAsr  Books. 

The  lowest  of  these,  the  Molteno  beds,  have  been  so  named  by 
reason  of  their  typical  deve&jpnent  around  the  town  of  Molteno,  and 
«    are  of  great  importance  economically,  inasmnch  as  they  contain  the 
only  workable  seams  of  coal  known  to  occur  in  the  Gape  Colony. 

The  Molteno  beds  consist  of  bands  of  sandstone  (varying  from 
fine-grained  greyish  varieties  to  coarse  gritty  quartaose  or  felspathio 
grits),  and  dark  shales  and  mndstones  nsoally  weathering  to  pale 
Une,  yellow,  or  buff,  with  occasional  seams  black  carbonaceoos 
shale  and  coal. 

The  remains  of  plants  are  abundant  in  the  softer  beds,  and  their 
examination  has  led  to  the  assigning  of  the  Molteno  beds  to  the 

stai^o  known  in  Enrope  as  the  Bhsctic. 

The  formation  crops  out  over  ihe  flattish  ground  at  the  foot  of  the 
Drakensbei|b  and  on  the  western  border  of  Basntoland,  but  in  the 
Stonnberg  area  the  beds  form  fairly  high  ground,  owing  to  their 

general  easterly  dip. 

In  tlie  west  the  Molteno  beds  have  a  thickness  of  from  1,000  to 
1,200  fcQt,  but  this  increases  in  the  Transkei,  SO  that  in  Xy.]tt.n£pv 
and  Elliot  they  are  about  1,800  feet  thick. 

How  the  y  vary  in  Maclear,  and  still  further  to  the  north-east,  is 
not  yet  known. 

In  marked  contrast  to  the  Molteno  beds  comes  the  over- 
lying division  known  as  the  Red  i>eds  ;  for  in  the  latter  the  rocks 
are  usually  hi^dily-colonrcd.  Beds  of  pale  yellow  and  white  sand- 
stones are  numerous;  but  ilic  softer  rocks  are  sandstones,  shales, ujud- 
stones,  and  clays  of  red  or  purple  colour,  while  green,  bluish  or  yellow 
tints  are  also  common.  The  colouring  is  more  intense  in  the  upper 
part  of  the  Bed  b6ds,  especially  where  the  rooks  are  freshly  exposed. 
Eossil  remsins  are  not  very  abundant ;  vegetable  life  is  represented 
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almost  solely  by  fragments  of  silicified  wood ;  animal  life  by  the 
bones  of  caruivoroiis  dinosaurs,  such  as  Euskeletawm  and  M(UiO- 
tpomli/lus. 

The  thickness  of  the  Red  beds  is  variable  in  ditlerent  parts  of  this 
area.  At  the  Barkly  Puss,  leading  over  the  Drakensberg  from  Elliot 
to  Barkly  East,  it  is  1,G00  feet;  but  both  to  east  and  west  it  thins 
considerably ;  and  in  the  Stormberg  area,  and  on  the  west  side  of 
Basutoland,  it  is  usually  from  600  to  800  feet  in  thickness. 

The  Bed  beds  crop  out  along  the  slopes  of  the  Drakensberg  from 
Indwo  is  far  north-ea8l,  at  least,  as  Van  Beenen's  Pass  near 
Haixiamith. 

Over  the  greater  part  of  Wodehouse,  and  around  Jameetown,  the 
high  ground  is  formed  of  Bed  beds,  the  highest  ridges  being  capped 
with  Gave  sandstone  and  Volcanic  beds. 

Prom  Lady  Gray  this  division  extends  into  Basutoland,  and  is 
exposed  in  the  valley  of  the  Orange  Biyer  for  many  miles  above 
Palmietfontein. 

We  can  follow  it  along  the  flanks  of  the  mountains  of  the  Basuto- 
land border  from  Eomet  Spruit  past  liafeteng,  Maseru,  Thlotse,  to 

the  head  of  the  Oaledon  Biver. 

The  high  ground  to  the  north  of  Eicktburg.  and  from  Bethlehem 
to  Harrismith,  is,  according  to  the  aooounts  of  G.  W.  Btow,  built  up 
of  Bed  beds  and  Cave  sandstone. 

The  Cave  sandstono,  the  uppermost  division  of  the  sedimentary 
rocks,  is  fine-grained  and  white  or  yellow  in  colour ;  pink  and  pale 
blue  varieties  are  occasionally  met  with,  and  the  rock  is  often  of 
considerable  thickness.  The  sandstone  is  usually  unbedded  throu<»h- 
oui  the  greater  ])ortion  of  its  thickness  ;  towards  the  top  it  is  often 
laminated.  False-bedding  is,  however,  common,  and  is  sometimes 
developed  on  an  extensive  scale.  The  ^ainlstone  is  commonly  very 
soft,  and  under  the  action  of  atmosplu  ric  agencies  weathers  most 
unevenly.  Portions  of  it  arc  easily  eroded  and  form  smooth  rounded 
slopes  and  domes,  often  prass-covered,  while  the  rest  of  liie  rock 
projects  in  rugged  crags  and  pinnacles,  often  with  the  most  fantastic 
of  outlines. 

Such  scenery  is  graphically  recorded  by  I>unn  as  occurring  on 
the  farms  Wonder  Hoek  and  KUpfontein  in  the  Stormberg  area, 
between  Molteno  and  Jamestown. 

To  the  north-west  of  Elliot  the  Cave  sandstone  in  places  forms 
vertical  olifis  as  much  as  half  a  mile  in  length  and  500  feet  in  height, 
while  due  north  of  the  town  there  are  numbers  of  peculiar  pyramids 
and  pinnacles  crowning  a  spur  of  the  Drakensberg.  Mr.  Schwars 
has  noted  a  similar  type  of  scenery  in  Griqualand  East 
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The  unequal  weathering  of  the  sandstone  often  gives  rise  to  large 
caves,  some  capable  of  slieltering  several  thousand  sheep,  and  hence 
the  iianitj  lirst  given  to  the  formation  by  E.  J.  Dunn.  In  many  of 
the  caves  there  are  still  drawings  and  paintings  done  by  the  Bush- 
men who  formerly  inhabited  this  area,  and  whose  crude  weapons 
and  implements  are  occasionally  picked  up.  The  Cftve  sandstone 
is  nmiaUy  remarkably  imifomi  in  ebaraeter  throoghonl  tiiia  area,  but 
in  parte  of  Wodehonae  teid  BarUy  Baat  tiie  oantnl  portion  of  the 
bed  is  pale  bluish  in  oolonr  and  yery  fine  gramed,  passing  almost 
into  a  mndstone. 

Under  the  mieroseope  the  sandstone  is  seen  to  oonsistof  abundant 
angular  to  snb-angnlar  grsins  of  quartz,  fairly  nniform  in  siae,  set 
in  a  pale,  almost  oolooriess,  ground  mass.  There  are  also  fragments 
of  Qrihoclase,  plagioelase,  and  miorooline  felspar,  flakes  of  white 
mioa,  and  grains  of  nroon,  epidote,  and  tourmaline  in  small  quantity. 

It  has  been  suggested  that  the  Cave  sandstone  is,  in  part,  of  vol- 
•canic  origin,  containing  much  finely'disintegrated  material  ejected 
by  the  volcanoes,  and  derived  from  granitic  and  metamorphio  rooks 
deep  down  below  the  surface  of  the  earth. 

Against  such  a  view  I  must,  however,  protest,  for  there  seems 
to  be  no  evidence  to  support  it.  Everything,  in  fact,  points  to  the 
Cave  sandstone  being  a  normal  type  of  sediment. 

The  thickness  of  the  Cave  sandstone  is  variable.  The  maximum 
yet  known  in  the  Colony  is  800  feet,  occurring  at  the  Barkly  Pass; 
but  in  Natal  Mr.  Churchill  records  a  similar  value.  This  makes  it, 
I  believe,  the  thickest  unbedded  stratum  of  sandstone  kuown  to 
geologists. 

Moie  commonly  it  varies  from  200  feet  to  400  feet,  bnt  in  a 
numhcr  of  places  the  sandstone  is  either  very  thin  or  entirely  un- 
represented, the  Volcanic  rocks  resting  directly  upon  the  Red  beds. 

Fossils  occur  but  sparingly  in  the  Cave  sandstone,  and  are 
chiefly  reptilian  in  character.  The  age  of  the  Bed  beds  and  Cave 
sandstone  is  probably  the  same  as  the  lias  (Lower  Jurassic)  of 
Europe. 

Having  now  placed  on  record  the  characters  of  the  sedimentary 
rocks  of  the  Stormberg  series,  we  have  next  to  consider  the  source 
of  the  sediments  which  go  to  form  them  and  the  conditions  under 
which  the  materials  were  deposited. 

nL— Physical  Coitditioiis  dubimo  SBDmaMTATiOH. 

It  is  well  known  that  all  the  sedimentary  rocks  of  the  Karroo  system 
were  laid  down  in  a  large  lake  or  inland  sea  whose  boundaries  are  aa 
yet  known  only  approximately. 


Digitized  by  Google 


ThB  Forming  of  the  Drakmubtfg, 


76 


Thai  this  Taal  body  of  w«tor  hm  soft  salt  is  indieatod  hy  the 
absence  of  marine  fossils*  the  few  mottosca  known  being  lamelli> 
brancbs  such  as  Palaomutela,  The  j^esenee  of  BstheruB  in  both 
the  Beaofort  and  Stormberg  series  points,  perhaps,  to  braekish 
rather  than  purely  fresh -water  conditions. 

Tliat  the  lake  was  shallow  thraughout  most  of  the  period  of  it» 
existence  is  prov^  by  the  presence  of  false-bedding  in  the  sand- 
stones, and  by  ripple-mai*ks,  rain-prints,  sun-cracks,  and  worm- 
burrows.  Local  erosion  of  the  soft  beds,  with  the  deposition  upon 
them  of  coarser  arenaceous  material — contemporaneous  erosion,  as 
it  is  termed — is  met  with  oocasionaliy,  and  pointe  to  the  ejustence  of 
strong  currents. 

Now,  as  sediment  was  carried  down  into  the  Karroo  lake,  the 
latter  would  tend  to  become  silted  up.  The  great  thickness  of  the 
Karroo  rocks — many  thousands  of  feet — shows  that  the  lake  con- 
tinued to  receive  sediment  during  an  immense  period  of  time,  and 
yet  the  depth  must  have  remained  much  t!n'  same  all  through. 
This  shows  either  that  the  water  level  was  continually  being  raised 
by  the  sediment  deposited  on  the  bottom  of  the  lake,  or  else 
there  mnst  have  been  a  general  subsidence  of  the  area  occupied  by 
the  Karroo  Uke,  due  either  to  weighting  of  the  earth's  emst  by 
the  sediments  laid  down  upon  it  or  owing  to  elevation  of  the  crust 
in  ft  neighbouring  area.  Probably  both  ^tors  have  oombined  to 
Oftuse  the  depression. 

How,  we  find  that  daring  the  fonuAtion  of  the  Upper  Karroo 
reeks  there  were  two  traots  in  which  folding  and  elevation  were 
^oing  on,  within  the  area  of  the  Kanoo  lake.* 

The  first  of  these  traots  is  the  mountainous  country  around  the 
Gederberg,  to  the  west  ol  the  Kanoo,  elevated  by  the  continuation 
of  earth  movements  dating  baok  to  pre^Karroo  times. 

The  second  area  lies  along  the  south  coast  of  the  Colony,  and 
the  mountain  ranges  produced  form  the  Zwarteberg,  Liangeberg, 
Zunrbeig,  &c.  The  beds  are  intensely  folded  in  this  area,  but 
northwards  these  folds  die  out  rapidly,  and  in  the  central  portion  of 
the  Karroo  the  rocks  are  hardly  affected  by  them. 

The  earth-movements  which  produced  these  second  set  of  folds 
have  l^een  named  by  Mr.  A.  W.  Hogers  "  the  Zwartberg  move- 
ments," and,  according  to  him,  "took  place  some  time  between  tlie 
period  of  deposition  of  the  upper  part  of  the  Beaufort  series  and 
the  close  of  the  Btormberg  series."  t    It  is  apparent  that  during  the 

•  Vide  Beporis  of  the  Geological  GommUaion,  1896-1908.  OapeToim. 

t  A.  W.  KoRPrs,  ••The  G«nloKifal  History  of  the  Gouritz  River  System." 
Trans.,  Soath  African  Philosophical  Society,  vol.  xiv.,  p.  tt70,  lUOX 
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period  mentioned  the  folding  reached  its  maximum,  but  the  earth- 
movements  must  have  contiuued,  though  with  less  intensity,  during 
a  considenil)ly  longer  period. 

The  ridge  of  pre-Karroo  rocks,  which  extends  from  Zululand  to 
a  point  on  the  coast  a  Utile  north  of  Port  St.  John's,  is  one  along 
whioh  hardly  any  folding  has  taken  place.  But  it  is  very  probable 
tbat  the  zodcs  whioh  are  exposed  along  it  formed  part  of  an  old 
Borfaoe  in  pre-Earroo  times  whioh  extended  floath-eaBtwaids,  and 
formed  again  during  the  Stormberg  period  a  land  Borfaoe,  now  bnxied 
beneath  the  waters  of  the  Indian  Ocean.  The  foroes  whioh  aflfooted 
the  level  of  this  old  land  snrboe  are  probaUy  distinot  from  those 
wiiioh  oaosed  the  foldings  in  the  Zwartebeigen. 

There  is  mneh  probability  that  during  the  deposition  of  the  rooks 
of  the  upper  portion  of  the  Karroo  system  earth-movements 
aflfooted  the  earth's  omst  on  titree  sides,  namely,  west,  south,  and 
south-east,  tiiough  not  neoessarily  at  ezaotly  the  same  time,  or  with 
the  same  degree  of  intensity. 

It  is  prol)able  that  at  the  commencement  of  the  deposition  of  the 
Molteno  i)ed3,  these  foldings  had  already  profoundly  modified  the 
old  land  surface,  and  consequently  affected  the  position  of  the  shore 
line  of  the  Karroo  lake.  We  find  that  there  is  a  sudden  change  in 
the  character  of  the  beds  both  palaeontologically  and  lithologically. 
The  various  labyrinthodonts  and  dinosaurs,  whose  remains  are  so 
abundant  in  the  uppermost  portion  of  the  Beaufort  series,  are 
practically  unrepresented  in  the  Molteno  beds.  The  brilliant  colour- 
ing of  the  softer  rocks  of  the  Beaufort  series  is  entirely  absent  in 
the  higher  division,  and  instead  we  meet  with  grey,  blue,  or  blaok 
mudstoncs  and  shales,  with  occasional  coal  seams. 

Tiie  lossils  which  are  found  in  these  beds  are  of  ferns  such  as 
Tliinnfcldin,  Tipuioptcris,  and  Cdllijilt'ridium,  cycads  such  as 
Pliociiicop.sis  and  Sclii::oiicnra,  while  fragments  of  silicitied  wood 
belonging  to  coniferous  trees  are  abundant  in  some  o£  the 
sandstones. 

That  the  land  surface  on  whioh  these  plants  flourished  lay 
considerably  to  the  south  and  south-east  of  the  Drakensberg  is  shown 
by  inferences  drawn  from  the  following  considerations:  (a)  The 
condition  of  the  plant  remains ;  (6)  the  development  of  the  beds  in 
this  area;  (c)  the  petrographical  characters  of  the  beds;  each  of 
whioh  will  have  to  be  considered  in  turn. 

(a)  It  has  commonly  been  stated  that  the  Molteno  beds  must 
have  been  formed  dose  in  shore  on  account  of  the  very  perfect  state 
of  preservation  of  the  fern  leaves,  but  let  us  see  what  evidence  can 
be  obtained  from  the  beds  in  this  area. 
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If  we  choose  a  locality  such  as  Jamestown,  where  well-preserved 
fern  fossils  can  be  obtained,  we  find  that  the  Molteno  beds  extend 
round  about  it  for  a  distance  of  fifty  miles  at  least,  and  similurplanto 

can  bo  <:ot  at  Molteno,  Herscbel,  Enf^cobo,  &C. 

Tbat  is  to  say,  plants  occur  in  the  beds  over  an  area  with  a 
diameter  of  one  hundred  tniles,  and  yet  specimens  from  the  centre 
are  in  as  j^ood  condition  as  those  obtained  from  points  on  the 
circumference.  Clearly,  then,  by  beitif^  drifted  an  additional  distance 
of  fifty  miles  the  plants  were  not  appreciably  injured.  An  examina- 
tion of  the  sandstone  beds,  on  the  other  hand,  shows  that  the  plant 
remains  are  nearly  always  more  or  less  fragmentary,  and  that,  too, 
in  any  part  of  the  area.  Consequently  the  condition  of  the  fossil 
ferns  in  the  beds  gives  us  no  help  in  estimating  the  distance  they 
must  have  drifted  before  they  were  ultimately  entombed  in  the 
sedimeni 

These  plants,  together  with  other  vegetable  material,  have  gone  to 
form  the  eoal  seams  of  the  Molteno  beds.  By  some  geoiogistB  each 
ooal  seam  is  supposed  to  represent  an  old  land  snrfaoe,  or,  more 
properly  speaking,  a  swampy  traot  of  land  where  the  vegetation 
grew  and  was  afterwards  buried. 

I  am,  however,  a  strong  supporter  of  the  theory  of  the  sub- 
aqueous origin  of  the  Stormbetg  ooals  vigorously  upheld  by  Green 
and  Galloway.  Aooording  to  this  view,  the  ooal  seams  do  not 
indicate  former  land  surfaces,  but  simply  unusual  phases  of  sedimen- 
tation, during  which  finely-divided  oarbonaceous  material  was 
deposited  along  with  a  varying  amount  of  finely-divided  matter  of 
detrital  origin.  In  this  way  we  get  all  gradations  from  mudstone 
and  shale  to  coal,  while  sometimes  we  get  very  rapid  alternations  of 
coaly  and  shaly  material,  giving  the  eoal  a  finely  laminated 
structure. 

The  carbonaceous  material  was  deposited  in  fairly  shallow  water, 
in  wliich  the  currents  were  often  strong.  This  explains  their  local 
character,  for  the  soft,  pulpy  vegetable  matter  would  be  easily 
carried  away  by  currents.  At  Indwe  these  currents  have  been  laden 
with  coarse  'sediment,  and  in  places  several  feet  of  coal  and  shale 
have  been  removed  and  their  place  taken  by  the  gritty  material. 
False-bedding  is  common  in  these  grits,  and  now  and  then  little 
lenticular  seams  of  coal  and  shale  occur,  sometimes  wavy  and 
contorted. 

It  is  significant  that  the  most  important  coal  seams  are  found  to 
the  south  and  south-east  of  the  Stormberg  area,  namely,  Molteno, 
Indwe,  Engcobo,  Madear,  &c.,  while  in  Aliwal  North,  Herschel,  and 
Bouzville  ooals  are  infrequent,  thin,  and  of  very  poor  quality. 
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(b)  ThedevelopmmUof  th»bBd$,  S^omfhedesor^fcioiialvMdy  given 
of  the  various  membeis  of  ihe  Stormberg  seriea^  H  will  be  seen  that, 
although  each  varies  considerably  in  thifllmfwii,  the  same  venation 
aflects  ^em  all  simultaneously.  The  maximum  thickness  of  iho 
sedimentary  strata  is  attained  in  the  eastern  part  of  Elliot,  namely, 
4,200  feet,  made  up  as  follows:  IMoltono  beds,  1,800  feet;  Bed  Ijeds, 
1,600  feet ;  and  Cave  sandstone,  800  feet.  In  Molteno  and  Aliwal 
North  tlie  thickness  is  only  2,000  feet,  and  sometimes  less,  propor- 
tioned thus:  1,200  feet,  600  feet,  and  200  feet.  In  Matatiele, 
according  to  Mr.  Schwarz,  the  two  upper  members  together  do  not, 
as  a  rule,  exceed  a  few  hundred  feet. 

The  conclusions  to  be  drawn  from  this  {^neat  thickening  of  the 
beds  along  a  line  drawn  from  north-west  to  south-east  is  that 
the  old  sliore  line  lay  somewhere  to  the  south  and  south-east.  As 
will  he  seen  from  the  map,  Elliot  is  situated  so  that  sediment  could 
arrive  at  it  from  the  south-west,  south,  and  south-east,  hence  the 
exceplionul  thickness  of  the  l)eds  thereabouts. 

(c)  27w  petrographiml  characters  of  the  beds.  A  petrographical 
examination  of  the  sandstones  in  the  Molteno  \)eds  shows  that  the 
material  has  been  derived  chiefly  from  the  disintegration  of  quartzite, 
granite,  and  metamorphio  zooks.  The  ffaie-grained  sandstones  are 
built  up  principally  of  rounded  and  angnlar  grains  of  dear  quartz, 
together  with  fragments  of  milk-white  or  blaokish  qnarts,  orthoclase 
and  miciodline  felspar,  garnet,  sizeon,  apatite,  tonrmaline,  and  flakes 
of  miea. 

The  eoener  sandstones  are  sometimes  very  qnartsose  bat  at  other 
times  eontain  large  angular  fragments  of  felspar  in  a  very  fresh  con- 
dition, so  that  the  rook  may  be  termed  an  srkose.  At  no  hoiison 
lower  down  in  the  Karroo  system  axe  similar  beds  met  with. 

The  coarse,  gritty  sandstones  oooaaionally  become  oonglomeratio, 
the  pebbles  consisting  principally  of  vein-quartz  and  of  quartzite ; 
by  the  farmer  such  beds  are  called  "banket,"  and  believed  to  be 
aurilerous. 

A  peculiar  feature  in  connection  with  the  Molteno  beds  is  the 
occunenoe  in  them  of  smooth  rounded  or  oval  pebbles  usually  a  few 
inches  across,  but  ranging  up  to  boulders  two  feet  in  length.  These 
pebbles  are,  as  a  rule,  scattered  most  irregularly  through  some  of  the 
sandstones,  for  example,  in  the  bed  which  immediately  overlies  the 
coal  at  Indwe.  In  the  Molteno  l^ivision  these  pebbles  are  so 
numerous  as  to  form  beds  of  conglomerate  up  to  a  few  feet  in  thick- 
ness, and  on  liomansfontein  and  Hassiesfontein  one  of  these  l)eds 
ctin  be  followed  for  several  miles.      Jt  occurs  a  little  above  a  seam 

*  £.  J.  Dunn,   Report  on  the  Stormberg  Coalfields,"  p.  17,  Cape  Town,  1878. 
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of  coal,  and  in  some  places  rests  direoily  vajpon  Uie  ooal  ^thout  the 
latter  being  in  any  way  disturbed. 

At  Molteno,  Molynenx  has  recorded  pebbles  and  bouldeis  embedded 

in  the  actual  coal  itself. 

The  pebbles  are  almost  entirely  of  white,  brownish,  or  glassy 
quartzite  like  that  of  the  Witteberg  and  Table  Mountain  series,  but 
hard  white  slatey  rocks  are  also  represented. 

The  di'^trihution  of  these  pebbles,  too,  indicates  their  original 
source.  They  are  most  abundant  to  the  west  of  Molteno  ;  at  Iti(hv(\ 
Cala,  and  Engcobo  they  occur  rather  scattered  ;  south  of  Burgliers- 
dorp  they  are  fairly  common  ;  in  Alivval  North  and  Herschel  very 
rare ;  while  Mr.  Schwarz  has  not  noticed  them  in  Matatiele. 

The  pebbles  are  found  principally  in  the  Molteno  beds,  but  some- 
times, though  not  commonly,  in  the  lower  part  of  the  Bed  beds. 

The  pebbles  show  Tery  fine,  smooth  surfaces,  and  resemble  very 
moeh  the  loUed  material  loimd  along  the  shores  of  a  UJEe  or  aloog 
a  eoasi-line.  To  take  a  near  example,  we  have  the  same  thing  at 
HoaVs  Bay,  where  the  well-roimded  bonlders  are  derived  from  the 
Table  Moontam  sandstone. 

The  diffioolty,  of  ooiirse,  lies  in  aooonntiiig  satisfootorily  for  their 
transport^  for  it  is  evident  that  a  ouizent  with  a  strength  sni&oient  to 
move  one  of  these  bonlders  would  entirely  prevent  the  deposition  of 
any  finely-divided  sediment.  The  qnartzites  must  have  been  carried 
a  great  distance,  for  the  nearest  oataop  of  the  Witteberg  series  at 
the  present  day  is  about  130  miles  due  south,  at  Qrahamstown. 

The  pebbles  might  have  been  brought  across  embedded  in  sand 
and  clay  adhering  to  the  roots  of  trees,  but  perhaps  a  more  reasonable 
explanation  is  that  they  have  been  transported  by  ice. 

It  is  well  known  that  in  cold  regions  the  beach  material  becomes 
incorporated  with  the  ice  formed  along  the  shore  line. 

In  the  spring  such  a  floe  of  ice  would  be  carried  away  by  currents 
and  the  foreign  niateriai  included  in  its  mass  deposited  during  the 
process  of  melting. 

In  this  manner  the  pcl)blos  niighr  have  been  (h  opped  and  so  become 
embedded  in  soft  shale  and  even  in  the  coal  itself.  If  this  is  the 
correct  explanation,  the  old  shore  line  at  this  period  would  have 
been  formed  of  Witteljerg  quartzites  somewhere  to  tlie  south  of 
CJrahamstown,  and  the  Table  Mountain  siindstone  cropping  out 
further  south  still  would  not  necessarily  be  a  contributor  to  the 
conglomerate  beds. 

In  Matatiele,  as  will  be  seen  from  the  map,  the  nearest  outcrop  of 
quartzite  is  in  East  Pondoland;  but  it  is  probable  that  during  Storm- 
berg  times  the  Dwyka  oonglomerate  entirely  covered  up  the  TaUe 
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Moontain  series  there.  The  ^9l^tteberg  series  is  also  appeiently 
absent.  This  would  eiplain  the  absenee  of  quartsite  pebUes  in  the 
Molteno  beds  in  that  part  of  Qriqnaland  East. 

We  see  now  that  at  the  commenoement  ol  the  Molteno  stage  the 
sopply  of  comminuted  ferruginous  material  was  out  off  and  leplaoed 
by  the  detritus  of  a  land  surface  boilt  np  of  granite,  metamorphie 

rocks,  and  quartzites. 

The  action  of  the  Zwartberg  mov^ents  caused  an  elevation  of 
the  strata  in  the  south  and  an  extensive  land  surface  was  produced. 

The  lower  members  of  the  Karroo  system,  if  present,  were  rapidly 
removed  by  denudation,  the  rocks  of  the  Cape  system  cut  into,  and 
the  pre-Cape  rocks — slates,  metamorphie  rocks,  and  granite — laid 
bare.  It  is  possible  that  at  this  time,  too,  the  extreme  west  of  the 
Karroo  was  dry  land  and  contributed  to  the  forming  of  the  Storm- 
berg  series. 

At  the  close  of  the  Molteno  stage  there  must  have  been  con- 
siderable changes  in  the  land  surface  due  both  to  denudation  and 
to  the  continuance  of  the  Zwartberg  movemenls.  Granilu  and 
quarti^ite  still  contribute  largely  to  the  derived  rocks,  but  the  abun- 
dant red  and  purple  sandstones,  shales,  and  mudstones  testify  to  the 
denudation  of  an  area  in  which  ferruginous  rocks,  such  as  jaspers 
and  magnetite  slates  and  sehists  were  well  represented.  We  have, 
in  fact,  a  retom  to  the  conditions  which  eiisted  in  pro-Stormbeig 
times,  and  instead  of  finding  ferns  and  oyoads  as  fossils  in  the  nods, 
the  remains  are  once  more  those  of  dinosanrian  reptiles. 

The  Zwartberg  movements  oontinned  to  modify  the  land  sorface, 
and  at  the  sommit  of  the  Bed  beds  red-eolonred  sediment  oeased  to 
be  deposited  with  marked  abruptness.  Instead,  we  get  the  fine- 
grained aienaoeons  Cave  sandstone,  whitish  or  yellowish  in  colour, 
sometimes  with  a  pinldah  or  pale  Unish  tint. 

The  change  usually  takes  place  within  a  lew  feet  in  vertical  range, 
but  sometimes  the  dividing  line  is  remarkably  distinct.  Occasion- 
ally towards  the  base  of  the  sandstone  there  are  lenticular  beds  of 
reddish  day  and  mudstone,  but  of  small  extent  laterally. 

The  mineralogical  composition  of  the  sandstone,  descriljed  pre- 
viously in  this  paper,  shows  that  the  rock  has  been  derived 
principally  from  quartzite  and  granite.  The  absence  of  marked 
bedding  in  the  sandstone  is  due  to  the  great  uniformity  of  the 
)natorial ;  specimens  from  near  Molteno  are  identical  with  samples 
from  Elliot,  Matatiele,  or  even  Harrismith. 

There  is  plenty  of  evidence  to  show  that  the  Karroo  lake  was  very 
shallow,  anil  in  many  places  there  must  have  been  extensive  sandy 
ilats,  sometimes  hardly  covered  by  the  water. 


Digitized  by  Google 


The  Forming  of  ths  Drakemberg,  68 


In  the  Gave  Modstone  on  Lelie  Kloof,  neur  Jamestown,  Dann 
records  the  oeoorrenee  of  slabs,  showing  sun-oracks  and  the  tracks 
of  (?)  crustaceans.  At  Morija,  in  Basutoland,  according  to  Mr. 
Dornan,  of  that  place,  there  are  numerous  footprints  of  dinosaurs  in 
the  sandstone,  while  lie  states  that  such  are  also  found  at 
Harrismith.  The  discovery  of  crocodilian  remains  in  the  sandstone 
in  Barkly  East  is  also  significant. 

The  occurrence  in  a  few  places  of  thin  bands  of  blue-black  shale 
in  the  sandstone,  full  of  remains  of  cstheri(p.  and  other  crustaceans, 
perhaps  indicates,  as  has  been  mentioned  ah-eady,  the  slightly 
brackish  character  of  the  w^ater.  The  extensive  false  bedding  often 
met  with  in  the  lower  portion  of  the  sandstone  shows  tiiat  there 
were  strong  currents  in  the  lake  ;  later  on,  these  ceased,  as  ia 
indicated  by  the  uniform  bedding  in  the  upper  portion. 

While  the  lake  nlted  up  there  were  small  moyemenW  hi  the 
ear&'t  erasl  which  henJded  the  great  ToloMiio  eruptions  of  the 
Dxakensberg.  In  many  places  the  bed  of  the  lake  voce  above  tide 
level  and  a  portion  of  the  material  was  eroded,  and  cometimes  the 
entire  bed  of  sandstone  has  thus  disappeared.  At  several  places 
earthquakes  fraotored  the  strata,  and  some  of  the  gashes  prodnoed 
-were  filled  in  with  soft  sand,  now  forming  irxegolar  dykes  thvoogh 
the  Bed  beds. 

Bnbh  were  the  physical  conditions  jnst  before  the  commencement 
of  the  volcanic  ontbuxsts ;  a  great  vlei—ii  one  may  so  term  it — several 
hundred  miles  in  diameter,  with  brackish  water  covering  a  sandy 
bottom.  This  vlei  was  studded  with  muddy  flats  and  islets,  over 
which  wandered  dinosaurs  and  orooodilee  in  search  of  their  prey. 

IV.-JV6ijOanio  Aotxvitt  in  thb  Dbaksnbbbbo. 

The  sedimentary  rocks  of  the  Drakensberg  are  penetrated  by  a 
large  number  of  volcanic  necks,  from  which  immense  quantities  of 
lava,  and  occasionally  volcanic  ash,  were  erupted.  Since  Mr. 
Schwarz's  discovery  of  nineteen  necks  in  (Jriqualand  East,  over 
eighty  additional  vents  have  been  recorded  within  a  radius  of  about 
fifty  miles  of  Barkly  East. 

This  by  no  means  represents  the  total  number  occurring  in  that 
area,  for  there  must  be  many  vents  which  are  buried  beneath  great 
piles  of  lavas  and  not  yet  exposed  by  denudation. 

When  it  is  considered  that  the  hundred  volcanoes  now  known  are 
ill  situated  within  an  aiea  of  a  little  over  5,000  square  miles,  we  get 
an  idea  of  the  immense  number  which  still  remain  to  be  discovered 
in  the  Colony,  Basutoland,  and  elsewhere.  The  volcanic  necks  are 
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no!  ftramged  along  oertein  lines,  bat  we  distributed  in  »  mott 
irregular  manner.   They  mostly  ooonr  in  groups,  but  are  sometimes 

isolated  from  one  another.  In  their  lack  of  any  definite  arrangement 
they  re&emble  the  Carboniferous  volcanoes  of  Central  Scotland,  the 
Permian  vonts  of  Fifeshire,  those  of  the  Eifel,  the  Swabian  Alps, 

and  the  Auvergne. 

There  is  no  necessity  to  give  a  description  of  any  of  these 
volcanoes,  and  ^vc  may  proceed  to  an  account  of  the  material 
which  issued  from  them. 

According  to  all  tlie  descriptions  available,  the  Volcanic  beds 
in  Griquaiand  East,  Basutoland,  and  Natal,  are  almost  entirely  bai^c 
lavas. 

In  Barkly  East  and  west  of  Jamestown  beds  of  sandstone  and 
volcanic  ash  occur  in  the  midst  of  the  igneous  flows.  The  volcanic 
ash  may  pass  over  insensibly  into  a  sandstone  by  the  addition  of 
sedimentary  material,  or  vico  vend ;  the  thickness  of  such  beds  is 
yery  variable,  but  may  leaoh  ae  mneh  as  850  feet  The  nsnal  type 
of  ash  IS  a  reddish  or  blnish-green  rook,  with  fragments  of  shale 
sandstone  and  grit  derived  fsom  the  underiying  Stormbeq;  beds, 
bonlders  of  Oape  and  pre-Oape  rooks,  and  portions  of  kva  from 
minnte  lapilli  to  groat  masses  several  feet  across.  These  beds  of 
fragmental  and  silioeons  material  afford  a  vast  amoont  of  minnte 
information  with  regard  to  the  volcanio  history  of  the  areas  in  whioh 
they  ooonr.  Where  the  lavas  alone  ooeur  the  information  to  be 
gleaned  from  them  is  very  meagre. 

One  of  the  most  peculiar  types  of  igneous  rock  is  that  known  as 
pipe-amygdaloid,  the  lava  being  penetrated  by  long,  thin  branching 
pipes,  about  the  tbiekness  of  a  lead  pencil,  now  filled  with  secondary 
minerals.  These  pipes  are  found  only  at  the  base  of  a  lava  flow 
where  it  rests  on  a  bed  either  of  lava,  ash,  or  sandstone, and  never  in 
tiie  centre  or  upper  part  of  the  flow.  There  can  be  no  doubt  that 
the  pipes  were  produced  by  steam  generated  below  the  lava  as  it 
flowed  over  a  wet  surface. 

If  the  molten  material  were  \Qvy  mobile  the  steam  bubbles  would 
ascend  rapidly  to  the  top  of  the  mass,  but  if  it  were  very  viscid 
long  elongated  bubbles  would  bo  forniod,  which  would  ascend  very 
slowly.  Two  or  more  of  these  bul)l)ies  would  tend  to  coalesce  as 
they  expanded  upwards,  and  hence  the  branching  of  the  vesicles. 
In  many  cases  the  movement  of  the  lava  is  shown  by  the  bending  of 
the  pipes  so  that  they  ;ire  inclined  forward  in  the  direction  of  ' 
motion.  In  a  fuvv  examples  the  deflection  from  the  vertical  was 
found  to  be  as  much  as  sixty  degrees.  The  common  len^ali  of  a  pipe 
is  from  four  to  six  inches,  but  some  were  occasionally  met  with  of 
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double  that  Ienf:;lh.  The  immense  number  of  horizons  at  which  the 
j>ipe-amygdaloid  occurs  in  this  area — sometimes  over  a  dozen  are 
present  in  a  vertical  distance  of  a  few  hundred  feet— shows  that  the 
lava  usually  tlowc^d  over  a  wet  surface.  When  we  add  to  this  the 
fact  that  we  get  numerous  thin  beds  of  usually  well-stratified  sand- 
stone and  ash  between  the  lavas,  it  will  bo  seen  that  the  evidence 
for  the  sub-aqueous  eruption  of  the  lavas  is  very  strong.  In  the 
Barkly  J^ast  Division  the  history  of  volcanic  activity  can  be  made  out 
with  considerable  detail,  whereas  in  other  areas  we  tind  only  a 
succession  of  lava  flows  from  which  uothing  much  can  be  learut. 

We  have  Been  that,  at  the  close  of  Gave  Bandstme  times,  there 
eiisted  a  Task  shallow  lake  or  sea,  with  a  sandy  bottom. 

The  first  evidenoe  of  the  pent-np  energy  below  tiie  erost  of  the 
eartik  is  shown  by  faulting  in  the  zoeks  on  tiie  eastern  border  of 
Wodehoose.  These  faults  must  have  been  fonned  by  earthquakee 
which  heralded  the  Toloanic  outbursts* 

The  strata  bulged  up  in  plaoes  and  tbe  onrzents  rapidly  remoTed 
the  obstruotions,  so  thatoooadooally  the  whole  of  the  Gave  sandstone 
was  oaoied  away  before  the  first  emptiottB  ooouxred. 

Thin,  irregular  lava  flows  interbedded  in  the  Gaye  sandstone 
indicate  the  Urth  of  the  earliest  of  the  Drakensberg  volcanoes. 
They  were  immediately  followed  by  others,  and  lava  streams 
flowed  over  the  bed  of  the  lake,  while  ash  and  voloanio  bombs 
were  oocasionally  ejected. 

Along  tiie  Kraai  Eiver  valley  the  bed  of  the  lake  subsided  in  two 
separate  areas,  and  lava  was  rapidly  accumulated.  Whenever  an 
eruption  diminished  in  vigour  sediment  was  deposited,  and  a  bed  of 
sandstone  formed.  In  many  cases  the  upper  surface  of  the  under- 
lying lava  was  cracked  and  fissured,  and  into  the  spaces  silt  intro- 
duced itself.  Some  of  these  veins  of  sandstone  liave  been  baked  to 
quartzite,  showing  that  the  central  portion  of  the  lava  flow  was  still 
at  a  high  temperature.  Ash  and  masses  of  molten  material  were 
flung  into  the  air  from  the  craters,  and  became  embedded  in  the 
still  soft  sediment.  Many  of  these  masses  of  lava  are  several  feet 
across,  and  must  have  been  in  the  molten  state  when  they  fell  into 
the  soft  uiuil,  for  their  lower  surfaces  show  rows  of  pipe  amygdules 
arranged  normally  to  their  ba.ses.  Some  of  these  blocks  have  been 
ejected  a  distance  of  certainly  over  half  a  mile  from  the  nearest 
Imown  orater. 

Sueh  waro  the  preliminary  voloanio  outbursts  in  the  area,  but  they 
were  apparently  dwarfed  by  the  eruptions  which  followed.  Scores 
of  voleanoes  came  into  action  apparently  almost  simultaneously, 
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great  holes  being  ])lo\vn  through  the  strata  by  the  explosive  action 
of  highly-heated  gases.  In  some  cases  no  lava  issued  from  the 
vent,  and  the  fragments  of  the  strata  fell  })ack  into  the  funnel  and 
blocked  it  up,  so  that  what  we  now  find  exposed  is  a  mass  of 
agglomerate  built  up  almost  entirely  of  masses  of  sandstone  and 
shale,  set  in  a  groundmass  of  finely  pulverised  gritty  material. 

In  other  cases  the  explosions  were  followed  by  ejections  of 
ydoudo  ash,  bombs,  and  molten  material,  which  spread  for  miles 
•nrand  eaoh  vent  These  eipkmye  eraplioiis  pcoduoed  fhe  bed  of 
ash,  often  of  consideiubla  tbiekness,  wbieh  is  mat  wHh  over  soeh  a 
laige  area  in  BazUy  Bast,  and  whioh  usually  rests  dbectly  upon  the 
Oave  sandstone. 

Lavas  poured  forth  from  the  volcanoes,  and  many  of  the  smaller 
craters  were  overwhelmed  by  the  material  and  choked  after  a  brief 
existenoe.  The  morn  aetive  vdoanoes  oonttnned  their  ontponrisgs* 
tboogh  beds  of  ashy  material  show  that  there  were  oeeasioosl  IrUs 
during  wbieh  finely  divided  matnrial  only  was  being  thrown  oat. 

As  we  get  higher  up  in  the  midst  of  the  lavas  we  find  that  these 
intercalations  of  sandstone  and  ash  become  less  freqnent,  and 
finally  disappear,  and  the  only  outborsts  were  of  molten  rook. 
Probably,  too,  the  supply  of  sediment  was  cut  off  from  this  aisa 
either  by  the  drawing  off  of  the  waters  of  the  lake,  by  the  barrier 
formed  through  the  accumulation  of  the  lavas,  or  by  the  sinking  of 
the  old  land  surface  to  the  south.  One  after  another  the  volcanoes 
exhausted  their  energy,  and  were  buried  beneath  the  ejections  of 
their  more  active  neighbours  until  even  the  eruptions  of  these  in 
turn  became  feeble,  and  the  volcanoes  finally  became  extinct.  The 
amount  of  volcanic  material  must  have  been  enormous  ;  in  many 
places  there  are  over  3,000  feet  of  rock  exposed.  At  Ongeluk's 
Nek,  in  Griqualand  East,  Mr.  Schwarz  ■'•  has  noted  a  thickness 
of  4,000  feet,  while,  according  to  Mr.  Churchili,t  this  amount  is 
much  exceeded  in  Natal. 

The  lofty  cliffs  of  lavas  which  occur  right  on  the  present  escarp- 
ment, together  with  the  regularity  of  the  lava  flows,  indicate  that 
the  volcanic  rocks  must  have  originally  extended  far  to  the  south- 
east beyond  the  present  known  sonth-eastem  limit  of  the  voloanie 
osdcBis 

We  have  no  idea  of  the  interval  of  time  during  which  the  eruptions 
oontinned,  but  it  may  have  been  of  long  dmmtion,  perhaps  extending 
well  into  Jurassic  times. 

*  Ann.  Kept.  Geol.  CouimitiBion  for  1902,  p.  45. 

t  *'  NolM  on  tb«  QtOogf  of  tho  Dnknubng,  Matel.*'  Tians.  Sooth  Afirioaa 
PhflofopUosl  Sooioty,  voL  s.,  put  8, 1888. 
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It  is  inteiMtiiig  io  note  that  in  India  at  this  aune  period  the  lava- 
flows  of  the  Bajmahal  Hills  were  being  ponied  ont.  It  is  interesting 
again  because  all  over  the  |^obe  tbe  Jumaaio  epoch  was  ona  during 
whieh  Yoleanie  activity  seems  to  have  been  remarkably  rare. 

v.- — Later  History  of  the  Area. 

No  sooner  had  the  piling  np  ol  the  lavas  ceased  than  denudation 
began  to  remove  the  uppermost  layers,  and  small  rivers  coursed 
over  the  plains  of  volcanic  rook. 

It  is  possible  that  the  mass  of  lavas  was  thicker  in  the  centre, 
thinning  away  at  the  sides,  so  that  the  formation  of  the  watershed 
might  date  from  this  time.  On  the  other  liand,  it  is  equally  possible 
that  the  watershed  was  produced  at  a  somewhat  later  stage. 

Of  the  physical  conditions  in  the  western  portion  of  the  Karroo 
we  can  only  hazard  a  guess,  but  it  is  possible  that  there  was  already 
in  that  part  of  the  country  a  well-established  river  system. 

The  folding,  which  was  still  going  on  in  the  south,  gradually 
extended  northwards,  and  the  land  surface  was  thrown  into  a 
series  of  nearly  parallel  troughs  and  ridges  trending  nearly  east- 
north-east. 

The  flow  of  water  was  naturally  along  these  troughs,  and  hence 
the  diieetkm  of  the  ooorses  of  the  Orange  Biver,  Kraal  Biver,  and  the 
head  vrators  of  the  TmnBoo,  Tsitsa,  and  Kenigha  Bivera. 

Apparentl) ,  just  after  these  gentle  foldings  had  sflected  the  roeks, 
the  Karroo  Dolerites  were  intmded,  invacUng  and  penetrating  the 
strata  from  Natal  to  Namaqnaland,  so  that  dykes  of  dolerite  sre  even 
fbnnd  enttmg  thiongh  the  lava-flows. 

It  has  been  suggested  that  the  effect  of  the  dolerite  intrusions 
would  be  to  cause  a  heating  ci  the  strata  so  that  the  central  portion 
of  the  Gape  Colony  would  tend  to  bulge  upwards,  but  I  think  that 
flie  delation  was  produced  by  the  foroes  which  continued  to  afllBct 
the  level  of  the  land  long  sfter  the  intrusion  of  tlie  dolerites,  even 
down  to  comparatively  recent  times. 

After  these  gigantic  intrusions  had  ceased  the  strata  were  affected 
bj  a  series  of  gentle  north  and  south  folds  which,  to  a  certain  extent, 
modified  the  existing  river-systratis,  but  those  rivers  which  had 
already  excavated  deep  valleys  were  unaffected  by  the  changes  of 
level.  The  courses  of  the  Indwe,  Tsomo,  Bashee,  and  Kenigha 
Bivers,  the  Sterk  Spruit  (Barkly  East),  Komet  Spruit  and  Wasch* 
bank  River  are  thus  accounted  for. 

Owing  to  the  cross-folding,  we  get  rivers  Howing  along  the  dips 
produced  by  the  compounding  of  these  two  sets  of  folds;  for 
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example,  the  various  tributaries  of  the  Kraai  River,  the  Telle 
River,  <fec.  By  the  excavation  of  the  rocks  the  rivers  formed  valleys 
whose  floors  Ixjcame  gradually  flatter  and  flatter  as  the  grade  of  the 
river-beds  became  smaller  and  smaller.  As  the  vertical  erosion 
became  less  and  less  the  rivers  eroded  laterally,  and  Anally  wide 
plains  were  produced  across  which  the  rivers  flowed  sluggishly  in 
numerous  serpentine  loops  and  bends. 

These  plains  of  river  erosion  were  formed  in  a  period  during  which 
the  level  ol  ihe  earHi's'anuit  wis  bat  slighUy  affected  by  earth-move' 
mente,  so  that  the  rivers  wero  aUe  to  eat  down  to  their  base-leveL 
If  a  period  of  elevation  followed,  the  downward  eioaive  action  of 
the  rivers  was  lesomed,  and  the  loops  and  bends  of  the  streams  weca 
perpetoated  In  deep  gorges.  When  the  elevation  ceased  a  second 
and  lower  plain  of  river  erosion,  or  peneplain  as  it  is  termed,  woald 
be  formed. 

These  peneplains  are  very  well  developed  in  this  area,  more 
especially  ■  in  Baddy  East.  The  highest  plateaa  is  foand  at  an 
altitude  of  a  little  over  8,000  feet  above  sea-level,  aioond  the  village 
of  Rhodes,  and  extends  to  the  present  escarpment  of  the  Drakens- 
berg,  overlooking  Maolear.  On  the  north,  some  peaks  along  the 
Witteberg  Range  indicate  the  hi^^her  ground  which  bounded  the 
peneplain  in  that  direction.  It  is  evident  that  the  plateau  once 
must  liave  extended  further  to  the  south  and  south«east  until  it 
reached  higher  ground  forming  the  watershed,  and  separating  the 
drainage  area  of  the  Kraai  Biver  from  that  of  the  Isitsa  and  Tina 
Bivers. 

TIow  far  away  that  may  have  been  situated  from  the  present 
watershed  we  have  no  idea  ;  it  was  probably  many  miles,  but  all  the 
Ix'ds  have  since  l)een  removed  by  denudation.  An  elevation  of 
a  couple  of  thousand  feet  followed,  and  the  rivers  cut  down  and 
formed  a  peneplain  at  an  altitude  of  al)out  (3,000  feet  above  sea-level. 
Tliis  was  a  most  extensive  plateau  ;  much  of  it  still  remains  in  ihe 
Kraai  Kiver  valley,  and  there  is  no  dDuht  that  it  extended  away  to 
Dordrecht  and  Jamestown.  A  contiimaiion  of  this  peneplain  is 
found  along  the  Orange  River,  in  Basutoland. 

On  the  south-east  side  of  the  Drakensberg  the  high  ground  around 
Gala,  Engcobo,  and  Bazeia  is  probably  a  remnant  of  a  peneplain  at 
aboat  the  same  altitade,  but  the  country  has  been  greatly  denuded. 

A  second  period  of  apheaval  followed,  and  a  peneplain  at  an 
altitade  of  between  4,600  and  5,000  feet  formed,  which  covers 
an  extensive  area  in  Albert,  Aliwal  North,  Herschel,  and  the 
Orange  Biver  Colony.  Beds  of  river  gravels  are  common  at  many 
pomts  over  this  vast  area.   Even  then  the  crust  of  the  earth  was 
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not  in  eqnilibriiim,  for  the  riting  oontinned,  and  at  the  praaent  day 
tiie  Orange  Biver  and  ita  tribntariee  flow  in  deep,  nanow,  winding 
gorgaa  al  %  deptti  of  aeveial  Irandzeda  of  feet  below  Hie  general 
eorfaee  of  tiie  country,  and  a  peneplain  ie  in  gradual  proeese  ol 

formation. 

Owing  to  onr  present  lack  of  knowledge  concerning  the  belt  of 
eonntry  between  the  Drakensberg  and  the  Indian  Oeeao,  it  is 
impossible  to  bring  forward  any  information  with  r^ard  to  the 
number  of  peneplains  which  are  present  in  that  area.  It  is  known, 
bowever,  that  the  country  rises  in  the  form  of  a  series  of  steps  from 
tile  coast  inland.  With  each  elevatioa  the  rivers  tended  to  cut  back 
into  the  plain  which  they  had  just  formed,  and  the  ocest  of  the 
Drakensberg  has  thus  retreated  considerably. 

In  this  way  a  very  precipitous  face  would  be  formed,  and,  as  Mr. 
Schwarz  has  suggested,  the  production  of  the  (  scarpmeut  would  l^e 
greatly  aided  by  a  heavier  rainfall  on  the  sea-ward  face.  It  must  be 
noted  that  in  Herschel  and  on  the  west  side  of  Basutoland  the 
mountains  rise  quite  as  abruptly  and  to  the  same  height  as  in  the 
Transkei,  and  I  think  that  the  most  important  laotors  in  the  pro- 
ductioQ  of  the  long  escarpment  were,  firstly,  a  largennmber  of  nearly 
pamUel  streama  leading  from  the  monntains  to  the  ooean ;  and, 
aeoondly,  their  mneh  shorter  oourBea. 

In  entting  their  way  baek  the  rivers  on  the  south-east  met  with 
no  eerioQS  obetmetion  nntO  they  began  to  lay  bare  the  great  ehain 
of  dolerite  laooolitee,  extending  north-eaetwaids  from  Engoobo 
thioogh  Mount  Ayli£C  The  igneous  material  proved  rather  diffi* 
eolt  to  erode,  and  henoe  the  rivers  have  out  oomparatively  nanow 
gosgee  in  the  dolerite  instead  of  wide  valleys.  As  the  escarpment 
retreated  softer  rooks  were  again  met  with  to  the  north-weet,  and 
readily  eroded. 

Henoe  the  line  of  laccolites  is  now  marked  by  a  traet  of  high-lying 
ground  separated  from  the  preeent  esearpment  by  a  narrow  belt  of 
much  lower  lying  country.  At  one  time  this  long  escarpment  must 
have  extended  westwards,  probably  beyond  Steynsburg^  bat  the 

tributaries  of  the  Orange  River  have  been  very  active  in  removing 
material,  and  the  watershed  across  Molteno  and  Wodeliouse  is  now 
ver\'  low ;  in  fact,  just  south  of  Dordrecht  it  is  quite  a  ^ttish  tract, 
with  isolated  ridges  and  hills. 

What  the  Stormberg  and  Holle  Spruits  have  accomplished  in  the 
west  the  Long  Kloof  River  and  Sterk  Spruit  are  doing  further  east ; 
and  at  the  Barkly  Pass  there  is  a  great  gap  where  the  Volcanic  beds 
have  been  removed,  and  from  which  the  Cave  sandstone  is  being 
rapidly  eroded.     Similarly,  in  Matatiele,  the  pass  at  N'Quatsha's 
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Nek  is  ou  Cave  sandstotie  flanked  on  either  side  by  piles  of 
lavas. 

In  time  to  oome  great  tracts  will  thus  be  separated  from  the  greafc 
momitain  area  of  Basutdaod,  and  will  then  be  denndecl  so  m  to 
xoeemUe  the  ocmntry  between  Molteoo  and  Jamestown. 

The  ocnslderation  of  the  aabmetgenoe  of  the  did  land  soifue 
beneath  the  waters  of  tiie  Indian  Oman  while  (he  Drakensberg  area 
was  behig  elevated,  ia  one  wiiioh  cannot  be  discoBBed  in  this  paper. 
It  inTolyes  ihe  history  of  the  earth-movements  which  aflfocted  the 
southern  portion  of  the  Gape  Colony,  and  postulates  a  knowledge 
of  the  conditions  under  which  the  Uitenhaf^e  s(  ri(  s  of  the  Colony 
and  the  Cretaceous  rocks  of  Pondoland  and  Zuiuland  were  formed. 
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ON  THE  AFFINITIES  OF  TBITYLODON. 
Bt  K  Bboom,  M  J>. 

(Bead  November  30,  1904.) 

Triiyloim  lonfftnut  wu  deseribed  in  1884  by  Owen*  irom  an 
imp€KlB0t  tkiiU  submitted  to  him  by  Dr.  Exton,  the  Ourabor  of  the 
BkMmfonteui  Mnaeam.  The  speoimen  is  stated  to  have  been  foond 
•t  **  Thaba-ehcm»  Beentolsnd."  Unfortonatoly  there  is  some  doabt 
about  this  locality,  as  no  place  of  this  name  is  to  be  found  on  any  of 
the  reoeni  maps  of  Basntobuad.  Tliere  is  a  mountain  south  of 
Monja  called  Thaba-tsueu,  yAddi  may  be  the  looality.  There  is,  of 
oonzBS^  the  well-known  looality  in  the  Orange  Biyer  Oolony,  Tha- 
ba'Nohu,  but  this  is  hardly  lihely  to  be  the  spot,  as  Dr.  Eztcm,  who 
submitted  the  specimen  to  Owen,  was  prosent  at  the  meeting  of  the 
Cteologieal  Society  at  which  the  paper  describing  the  specimen  was 
read,  and  is  not  Ulcely  to  have  allowed  the  statement  that  the  speci- 
men came  from  Basntoland  to  have  passed  without  correction,  if 
wrong.  It  is  further  highly  probable  that  the  name  of  the  locality 
was  given  by  Dr.  Exton,  who,  of  course,  would  be  well  aware  that 
Thaba  'Nchu  was  not  part  of  Basutoland  in  1883.  The  importance 
of  the  cletermination  of  the  locality  lies  in  the  fact  that  the  whole  of 
Basutoland  belongs  to  the  Stormberg  age,  and  is  of  much  more 
recent  date  than  the  Upper  Beaufort  beds  of  Aliwal  North  and 
Burghersdorp,  which  have  yielded  the  Theriodonts.  While  the  latter 
are  believed  to  be  Upper  Triassic,  the  former  are  most  probably 
Lower  Jurassic. 

Owen  described  the  specimen  as  the  remains  of  a  Mammal,  and 
pointed  out  a  large  nun:iber  of  features  which  seemed  to  confirm  this 
view,  among  others  the  striking  resenil^lance  of  the  teeth  to  those  of 
Stereognathus ;  and  this  view  has  had  the  support  of  a  number  of 

*  B. Owtn,  "Ob  ih»  Skall  and  Dtnttiioii  of  »  Triassio  Mammal  (lYftyMon 
loMfwriM,  Omn)  fkom  South  Afkiea.**  Q.jr.0.8.,  vol  xL,  1884,  p.  146. 
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palaontologiste,  inolading  Lydekker'^  and  Seeley,!  the  letter  of 
whom  ( \]M  (  ssed  the  opnion  in  1887  that  TritjfMon  waa  a  '*  Bimo- 

theroid  Rodent." 

In  1894  Seeley,!  as  the  result  mauily  <^  hifldiBOOvery  of  Therio- 
donts  with  flattened  molar  teeth,  gave  xcp  his  earlier  view  and 
came  to  the  conclusion  that "  TnVy/ocfon  was  a  Reptile,"  but  admitted 
the  possibility  of  its  belonging  to  "  a  group  of  animals  intermediate 
between  Mammals  and  Theriodonts."  In  1895  he  definitely  placed 
Tritylodon  in  the  "  Gomphodoiitia."  As,  in  1898,  Seeley  §  expressed 
the  opinion  that  the  Theriodonts  are  not  the  ancestors  of  the 
Mammals,  we  may  assume  that  he  has  ai)an(loned  the  view  of  1894 
that  Tritylodon  may  possibly  belong  to  a  group  intermediate  between 
Mammals  and  Theriodonts. 

Let  us  look  at  the  evidences  which  Seeley  brings  forward  in 
support  of  the  view  that  Tritylodon  is  a  Thehodont  and  not  a 
Mammal. 

In  the  first  place  the  orbit  is  said  to  have  been  closed  behind  as  in 
Theriodonts.  On  this  point  the  specimen  gives  very  little  evidence. 
Owen  oonaideKed  that  the  oitiit  was  piobably  incomplete  behind, 
and  nntil  a  move  perfect  apeeiiimi  is  disooveved  it  will  be  impossibile 
to  definitely  settle  the  point  As,]uywever,  many  Manunalshayetiie 
oriritolosod  behind  by  bone  the  point  is  not  of  vQty  mnehimportanee. 
A  mnoh  more  important  point  is  whether  TrUiylodm  had  a  distinot 
postfirontal  or  postorbital  bone.  By  Owen  the  pair  of  bones  behind 
the  frontals  are  beliered  to  be  the  parietals ;  by  Seeley  they  are 
looked  upon  as  the  inner  parts  of.  the  postfrontals.  H  they  aie 
postfrontals  or  rather  postorbitals  they  are  nnhke  the  postorbitals  of 
the  known  Theriodonts.  In  QompkcqmiiOius  and  Trira4ihodcn  the 
Theriodonts  with  whioh  Seeley  compares  Tritylodon,  the  frontals  pass 
well  back  between  tiie  inner  parts  of  the  postorbitals,  but  in  Tritylo- 
don the  frontals  are  prevented  from  passing  backwards  by  the 
median  union  of  the  two  bones  behind.  The  bones  thus  resemble 
rather  mammahan  parietals  than  Theiiodont  postorbitals.  Even, 
however,  should  the  bones  be  ultimately  proved  to  be  postorbitals, 
it  must  be  remembered  that  postorbitals  occur  in  OniiUiorhyiichm, 

In  the  second  place  Seeley  points  out  that  in  Theriodonts  the 
snout  has  a  bulbous  appearance,  owin«,'  to  the  widening  of  the 
maxillary  bones  by  the  roots  of  the  large  canines,  while  in  Tritylodon 

•  R.  Lydekker,  Cat.  Fossil  Mammals,  Brit.  Mus. 

t  H.  G.  Seeley,  "  Ou  Parts  of  the  Skeleton  ol  a  Mammal,  <&c."  Phil.  Tnuu., 
1888,  p.  141. 

♦  Ibid.,    The  Origin  of  Mammals."   Int.  Cong.  Zool.,  Cnmbridge,  1898. 

§  Ibid.,  "The  Reputed  Mamnuis  irom  the  lUunoo Foruuitiaai oC  G»pe Coloiij.' 
PhU.  Trans.,  1895,  p.  1025. 
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there  is  a  widening  of  the  snout  by  the  roots  of  tlie  teeth  which 
have  been  re'^'arded  as  the  incisors.  The  facts  that  the  front  teeth 
are  separated  by  an  interspace  ;  that  the  incisor  roots  extend  into 
the  maxillary  hones  ;  and  that  in  Theriodonts  evidences  are  some- 
times apparently  found  of  a  successional  canine  behind  the  large 
canine  led  Seeley  to  doubt  whether  the  large  front  teeth  in  Tritylodon 
**  may  not  ha  regarded  as  canines  comparable  to  the  canines  of 
Theriodonts.  rather  than  as  incisors  comparable  to  the  incisor  teeth 
of  Manuiials  like  Kodents."  The  occurrence  of  an  interspace 
between  the  front  incisors  is  met  with  in  a  number  of  Mammals, 
and  the  fact  of  the  incisor  roots  extending  into  the  maxillary  bone 
is  of  sooh  oommon  oooarrenoe  in  Mammals  that  it  may  be  said  to  be 
the  almost  innunaUe  rale  if  the  inouon  are  large.  As  in  no  Beptile, 
Thflriodont  or  oCher^are  large  inoisor  teeth  known  which  pass  baek 
into  the  mazillary  bone,  the  oooarrenoe  of  them  in  TrityUidim  is 
rather  to  be  regarded  as  an  evidenoe  of  the  mammalian  affinity  of 
the  ganns.  The  swelling  of  the  snont,  oanaed  by  the  teeth  roots, 
does  not  seem  to  be  a  oharaoter  of  mnoh  importance ;  bat  there  is 
no  diffionlty  in  pointing  oat  a  nomber  of  M^mnft^U  in  which  it 
ocears — both  eanuvoroas  and  herbiTORias.  ' 

Another  of  Seeley's  arguments  in  favour  of  the  Theriodoot  affinity, 
is  that  "  the  nazes  are  terminal  in  Tritylodon  and  in  Theriodcmts  '* ; 
but  as  the  nares  are  also  terminal  in  Mammals  this  fact  proves 
nothing.    It  will  be  pointed  out,  however,  presently,  that  the  nares 
I  in  Tritylodon  are  very  different  from  those  of  the  Theriodonts. 

I  Seeley  finds  another  Theriodont  character  in  the  posterior  nares. 

He  says:  "The  posterior  nares  are  conditioned  as  in  Theriodonts, 
opening  between  the  hinder  molar  teeth.  This  character  is  not 
mammalian,  ...  As  far  as  the  evidence  goes  the  posterior  nares 
are  Theriodont."  It  is  diflicult  to  understand  how  the  conclusion 
was  arrived  at  that  the  opening  of  the  posterior  nares  between  the 
hinder  molar  teeth  is  not  a  mammalian  character.  Among  Hodents 
— the  very  Mammals  with  which  Seeley  formerly  placed  Tritylodon — ■ 
it  is  such  a  common  character  that  it  might  be  regarded  as  the  rule. 
But  the  character  is  by  no  means  confined  to  Rodents.  It  is  met 
with  in  forms  as  different  in  other  respects  as  rctruijale,  Vrocavia, 
Pal€807nastodon,  EquuSf  Ovis,  Cory^liodon,  Uintatheriumt  and  Galeo- 
pUhsem^  In  fact,  the  list  of  Mammals  in  which  the  internal  nares 
open  between  the  posterior  molars  ean  be  extended  to  almost  any 
reqaired  length,  and  Manmials  fulfilling  the  condition  ean  be  found 
in  most  of  the  orders^  It  will  thus  be  seen  that  the  position  of  the 
posterior  nsxes  in  Tri^lodcn  is  similar  to  that  seen  in  a  large 
number  of  Mammals.  On  the  other  hand,  no  Theriodont  is  known 
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in  whudi  ihe  posterior  nares  open  between  the  hinder  molax  teeth* 
Whatever  erBenoe*  therefore,  is  atfoL-decl  by  the  padtbii  of  the 
posterior  nares  is  in  UkYom  of  Trit^iodon  bedDg  a  Msmmul  nbther 
than  a  Theriodont. 

One  chanicter  observed  by  Seeley — ^the  presence  of  a  distinct 
prefrontal  bone — is  of  mnch  more  importance  than  any  of  those 
previously  mentioned  in  determining  the  affinities  of  Tritylodon.  In 
1894  he  could  state,  "  The  presence  of  a  prefrontal  bone  is  a  reptilian 
character  unknown  among  Mammals."  But,  in  iH9(),  he  discovered 
that  a  prefrontal  bone  exists  also  in  Ornithorhynchus,  a  discovery 
that  has  since  been  confirmed  by  van  Bemmelen.'''  So  that,  though 
the  presence  of  a  prefrontal  bone  would  remove  'Tritylodon  from 
the  Eutheria  or  the  Metatheria,  it  would  not  remove  it  from  the 
Prototheria. 

On  the  other  hand,  we  have  the  very  important  mammalian 
characters  pointed  out  by  Owen.  Of  these,  perhaps  the  most 
important  is  the  structure  of  the  molar  teeth.  The  molars  havo 
rows  of  well-developed  cuspe,  and  have  distinot  xoote.  Thm  is 
no  known  llieriodoiii  wiHi  either  the  one  or  the  other,  and  botti 
eharaotars  are  foond  in  the  molars  of  Imown  Mammals.  There  Is 
one  important  pdnt  in  cooneotion  with  the  molars,  the  bearing  of 
whieh  has  not,  I  think,  been  fnlly  recognised.  In  1698  Osbomf 
pomted  oat  that  m  "  t^ical  Mnltttnbenndates  like  Tritylodcn"  "  tiw 
dental  series  are  parallel  with  each  other  as  an  adaptation  to  the 
forward  and  baekwacd  motion  of  the  jaw."  This  oonelnsion  is  folly 
jnstified.  Even  if  we  knew  nothing  of  voxk  animals  as  MemseoiauM 
and  Oimokmift,  we  ooold  be  quite  oertain  from  the  arrangement  of 
the  wpgtfc  molar  ensps  tiiat  the  lower  molars  must  have  had  the 
onsps  iJso  arranged  in  rows,  and  forther  that  the  lower  molars  must 
have  worked  against  the  upper  with  an  antero-posterior  movement 
as  in  Bodents.  To  admit  of  sneh  movement  the  articulation  most 
have  been  of  the  mammalian  type,  as  no  antero-posterior  movement 
woold  be  possible  in  a  form  having  the  Theriodont  type  of  articula- 
tion; and  as  the  dififerent  type  of  articulation  is  the  only  fundamental 
point  of  difference  between  the  Theriodont  and  the  Mammal,  it 
follows  that  Tritylodon  must  have  l>een  a  Manmial. 

The  condition  of  the  anterior  nares  in  Tritylodon  is  anotlicr  point 
of  interest.  In  all  known  Theriodonts  in  which  the  parts  are 
satisfactorily  preserved  the  premaxillary  hones  send  upwards  a 
median  process  which  meets  the  nasals  and  divides  the  nares.  In 

*  J.  F.  vaaBemmelen,  "  Der  Schadclbaa  dar  lionoftnmML'*  ZooL  Fonchaags- 

reiBcn  in  Austr.  u.d.  Malay  Archipel.,  1901. 

t  U.  F.  Ottborn,  "  The  Ohgin  of  the  Mammalia."  Amer.  Nak,  Maj,  1898. 
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Tritiilodon  this  process  is  absent,  or  rather  represented  by  a  mere 
rudiment.  In  no  adult  Mjiinnial  are  the  nares  ever  divided,  as  in 
the  Theriodonts.  In  the  young  Monotremes,  liowovcr,  the  median 
process  of  the  premaxillarios  is  still  seen,  and  in  certain  young 
Marsupials  (e.^.,  Maeiniius)  there  is  a  sli^'ht  trace  of  it,  very  similar 
to  that  seen  in  Tritijlodon.  So  tliat  any  evidence  derived  from  the 
condition  of  the  anterior  nares  is  also  iu  favour  of  Tritylodon  being 
a  Mammal  rather  than  a  Theriodont. 

Taking  all  points  into  consideration,  there  seems  to  be  no  good 
reason  for  placing  Tritylodon  with  the  Theriodonts,  and  many 
reasons  for  leaving  it  where  Owen  placed  it — among  the  Mammals. 
So  far  as  can  be  made  out,  the  affinities  seem  to  be  more  with  the 
Monotremes  than  wiih  the  higher  fonns.  It  is  nnfortanate  that 
tCKday  the  only  Ihring  PtototheriauB  are  the  extremely  degenerate 
Ormthorhynehu  and  Eehidnat  but  it  is  not  improbaUe  that  the 
Mnltttaberoolates  of  Jnrassio  and  Oretaoeons  rooks  may  have  been 
Pvototherians,  and  the  presence  of  prefrontal  bones  would  seem  to 
ftkTonr  this  view. 


ADDENDUM. 

Since  the  alx)ve  was  written  I  have  received  the  following  in- 
formation from  the  Rev.  S.  S.  Dornan,  of  Morija : — "  With  reference 
to  your  note  rc  specimen  from  Thaba-chou,  I  know  of  no  locality  of 
that  name,  or  at  least  of  that  speUing.  I  suspeet  that  Thaba-tsuetf 
(pronounoed  Tftba-tswayou)  is  the  oorreot  locality,  but  the  difficnlty 
18  that  there  are  several  mountuns  of  the  same  name  in  Basatoland. 
There  is  a  Thaba-tsneu  about  three  honra  (18  miles)  from  here,  a 
prominent  mountain,  but  I  do  not  know  whether  any  fossils  have 
been  foond  there  or  not,  though  so  far  as  I  know  the  strata  are  the 
same  as  here/' 

It  seems  likely  that  the  specimen  was  collected  by  some  Free 
Stater  who  took  part  in  the  Basuto  war,  1879-81. 


Digitized  by  Google 


SOUTH  AFRICAN  PHILOSOPHICAL 

SOCIETY. 


VOLUME    XVI.  — PART  2. 

1905. 


CAPE   TOWN  : 

PUBLISHKD   BY  THE  SOCIETY. 

1005. 


IsiMd  OcU>\»€r  grill,,  1905. 


[Price  7s.  6d. 


CONTENTS. 

 -4  

Soiiit;  Ut4.miUs  of  Ohm-iviuioiis  iiiiuln  with  a  Hlnck  lUilh  Tlici 

niorHOtol'  ht  rnnm.     Viy  .T.  l\.  Si'TToN.  ^f.A..  F.R.Mot  S.  71> 

Results  of  Fiirpber  Expeiimcnt.s  on  Table  Mountaiu  for  Ascer- 
taining the  Amount  of  Moisture  deposited  from  the  South- 
East  Clouds.    Bv  R.  Marloth.  Ph.D.,  M.A.  ii7 

On  the  Discovery  of  a  lartje  number  of  Implements  of  raUuo- 

lithic  type  at  Vereeui{,Mny,  Transvaal.    Dy  .1.  P.  Jounson    .  107 

'    lie  Noteri  ret^ardin-::  South  Afiican  Pharmacology.    By  C  F. 

JURIT/,  M.A.        .   1  11 

Contributious  to  the  African  Flora.    By  Harry  BoLUb,  D.  Sc 

Notes  on  Semicirculants.    By  Thomas  Mum,  LL.D.       .       .  1 

Further   (Jbscrvation.s   on    Mimicry   among    Plant.-,    i^y  R. 

Maui.oth.  M.A..  Ph.l)  105 

Un  the  \  ;iiuaion  of  ihc  Hourly  Meicurological  iS'ormals  at 
Kimberley  during  the  Passage  of  a  Barometric  Depression. 
By  .?.  R.  Sutton.  M.A..  F.R.Met.S.  .  IGO 

The   Vuk.iiiu:   Fi.^surt-  under  Zuurbcrg.    By  A.   \V.  RooKUti, 

M.A..  F.d.S.  .  ..  .  ..  ,  .  ,  .  ,  lull 


INDEX  SLIP. 


SoTTox.  J.  R. — SomeKesaltH  of  ObservationB  made  with  a  Black  Bulb  Thermometer 
in  vacuo.        Trans.  S.  Afric.  Phil.  Soo.,  vol.  xvi.,  1905,  pp.  79-96. 

Besults  of  ObservationB  made  with  Black  Bulb  Thermometer  in  vacuo, 

SorroM,  J.  R.       Trans.  S.  Afric.  Phil.  See.,  vol.  x\-i.,  1905,  pp.  79-90. 

Thermometer,  Black  Bulb,  Results  of  Observations  with,  in  vnaio. 

acTTON,  J.  R.        Trans.  S.  Afric.  Phil.  Soc,  vol.  xvi.,  1905,  pp.  79-96. 


liAau>TH,  R. — Results  of  Further  Experiments  on  Table  Mountain  for  ascertaining 
the  amount  of  moisture  deposited  by  the  S.E.  clouds. 

Trans.  B.  Afric.  Phil.  Soo  ,  vol.  xvi.,  1905,  pp.  97-105. 

Table  Mountain,  Experiments  for  ascertaining  amount  of  moisture  deposited  by 
the  S.E.  clouds. 

Marloth,  R.        Trans.  S.  Afric.  Phil.  Soc.,  vol.  xvi.,  1905,  pp.  97-105. 

Moisture,  Experiments  for  ascertaining  amount  deposited  on  Table  Mountain  by 
the  S.E.  clouds. 

Mablotb,  R.        Trans.  S.  Afric.  Phil.  Soo.,  vol.  xvi.,  1905,  pp.  97-105. 


JoBHBOii,  J.  P.— On  the  Discovery  of  a  large  number  of  Implements  of  Palicolithio 
type  at  Vereeniging,  Transvaal. 

Trans.  S.  Afric.  Phil.  Soc,  vol.  xvi.,  1905,  pp.  107-109. 

Pftlsolithie  Implements  discovered  at  Vereeniging,  Transvaal. 

JoBMsoN.  J.  P.       Trans.  S.  Afric.  Phil.  Soc.,  vol.  xvi.,  1905,  pp.  107-109. 

Tereeniging,  Transvaal,  Discovery  of  Implements  of  Palaeolithic  type  at. 

Johnson,  J.  P.       Trans.  S.  Afric.  Phil,  Soc.,  vol.  xvi.,  1905,  pp.  107-109, 


JcRiTZ,  C.  F. — Some  Notes  regarding  South  African  Pharmacology. 

Trans.  S.  Afric.  Phil.  Soc.,  vol.  xvi.,  1905,  pp.  111-lSS. 

South  African  Pharmacology,  Notes  regarding. 

JoBm.  C.  F.        Trans.  S.  Afric.  Phil,  Soc,  vol.  xvi.,  1905,  pp.  111-183. 

Pharmacology,  Some  Notes  on  South  African. 

JcBiTZ,  C.  F.        Trans.  S,  Afrio.  Phil.  Soc  ,  vol.  xvi.,  1905,  pp.  111-138, 


BoLCH,  Ha&by. — Conlributions  to  the  African  Flora. 

Trans.  8.  Afrio.  Fiiit.  8oe.,  vol.  xvi..  1909,  pp.  185-152. 

flora,  Afrioan,  Ck)ntribDtions  to. 

BoMJs,  Uabby.      Trans.  S.  Afrio.  Phil.  Boo.,  vol.  xvi.,  liKM».  pp.  186-168. 

Afrten  Hon.  OontiMkm  to^ 

Bosioa,  Him.      TnuM.  &  AMe.  FliU.  Sot.,  voL  xfL.  1900,  pg,  US-IM, 


XvtK,  Tbomm^MoIm  on  BfoMwdaato. 

Tmm,  8.  AAdo.  Phfl.  SoOn  voL  x?i.,  190S,  pp.  If8-16a. 

BaraioiroulanU,  Notes  on. 

Mon,  TteiiAB.     Tnm.  8.  AMo.  ndL  Boe.,  tol.  ifL,  1905,  pp.  169-168. 


Mablotb,  B. — Further  observations  on  Mimicry  among  Plants. 

Trans.  S.  Afrio.  Phil.  Soc..  vol.  xvi.,  1905,  pp.  165-167. 

WudMj  mmag  nmto,  FurliMr  observations. 

lImm,B.        Tnuaa.  8.  Airio. FluL  So«H  vol.  zfi.,  1905, pp.  166-167. 

Finn,  Wwt^bm  9hm  littom  on  matey  among. 

llABuna.  B.       ToMt.  8.  Afaiou  FbiL  800.,  foL  xvi.,  1909,  pp.  169-107. 


Sonoii,  J*  B. — On  Variation  of  the  Hourly  Meteorologioai  Normals  at  Kimberley 
daring  the  passage  of  %  BanaMliio  Defnaiott. 

Trans.  8.  Atkio.  PhU.  800.,  voL  XfL,  1909,  w  169-188. 

Variation  of  the  Hourly  Meteorological  Normals  at  Kimberley  daring  the  passage 
of  a  Barometric  Depression. 
Sonron,  J.  B.      Traoa.  8.  Afatio.  PhiL  800.,  voL  zvL,  1905,  pp.  109-189. 

Ifotoofologieal  Normals,  Hourly,  Variation  ot  Kimbericj  during  pamwoe  of  ft 
Barometric  Depression. 
SuTraM,  J.  B.       Trans.  S.  Afrio.  Phil.  Soo.,  vol.  xvi.,  1905,  pp.  169-188. 

KkMkf,  Hoorij  MMMraloeioal  Tnrifttloiia,  during  pftmfo  of  ft  BHOBMtrie 

Depression. 

UuTToK,  J.  li.       Trans.  8.  Afrio.  Phil.  Soo.,  vol.  xvi.,  1905,  pp.  109-188. 


ItniMW,  A.  W.— Tho  Vnlwie  llwQre  under  Zuurbei^;. 

*  Tkftna.  8.  Afrio.  Phil.  800.,  voLxri.,  1906,  pp.  189-199. 

ToiMinlo  FitfiTt  poder  ftmrtttg. 

Booai,A.W.     TkMM.  8.  Afaio.PfaIL8oOn  VOL  xrin  1609, 99.189-199. 

Zaorberg,  Volcanic  Ficnure  under. 

Boons,  A.  W.       Traus.  8.  Afric.  PhU.  Boo.,  vol.  xvi.,  1909,  pp.  189-199. 


Digitized  by  Gopgle 


(75) 


SOME  RESULTS  OF  OBSERVATIONS  MADE  WITH  A 
BLAOK  BULB  THEBMOM£T£B  IN  VACUO. 

By  J.  B.  Sutton,  M^.,  F.B.MetS. 

(Bead  l^ebruary  22.  1905.) 

The  object  of  this  investigation  was  chiefly  to  ascertain  some  of 
the  effects  of  various  meteorological  influences  upon  the  indications 
of  a  black  balb  thermometer  in  vacuo.  No  attempt  is  made  here  to 
disanas  the  raitabiUty  of  the  insfanmieiit  for  purposes  of  physioal 
zeeearoh,  beyond  expressing  the  ophiion  that  it  does  seem  to  have 
been  anderzated  in  many  quarters  from  the  time  of  Sir  John 
Hersdhel  downwards.*  Th»  inTestigation  was  prompted  as  mnoh 
by  what  has  been  nrged  against  it  by  English  physicists  and  others, 
as  by  the  inoonolndTe  natore  of  the  sni^osed  results  obtained  by 
some  of  those  who  approve  of  it  ' 

The  Uaok  bulb  thermometers  nsed  hero  have  been,  by  preferonoe, 
of  the  ordinary  pattern  withont  a  test  gauge,  and  have  given  ^ly 
comparable  readings.  During  1908  an  instrument  with  a  test  gauge 
was  used,  but  the  glass  sheath  was  defective,  and  the  readings 
averaged  with  fair  consistency  7°  too  low.  A  correction  has  been 
applied  to  the  1903  readings  on  this  account.  The  readings  are  in 
every  case  for  an  altitude  of  4  feet  above  a  grass  lawn. 

Mean  and  extreme  values  for  the  seven  years  1897-1903  are  given 
in  Table  I.  It  appears  from  this  that  the  highest  mean  temperature 
in  the  sun  comes  near  midsuniinor,  the  lowost  near  midwinter;  the 
mean  monthly  values  ranging  from  118 '  b  in  June  and  July  to  153"-3 
in  December;  the  difference  between  these  two  givirifj  an  annual 
variation  some  9  greater  than  that  of  the  mean  monthly  maxima  in 
the  shade.    Readings  exceeding  170^  have  been  noted  once  or  twice 

•  See,  e.ff.,  J.  Herschel,  "  Meteoiolosy,"  p.  12,  my2.  J.  It.  Met.  S.,  July  1886, 
p.  193.  W.  M.  Davis,  "Elementary  Meteoroioi^,"  p.  Ul.  J.  £liot,  Indian  Met, 
Mem,t  xfi.,  p.  St.  The  kto  Q.  11  Whipple  aaed  to  read  the  IiImIe  bolb  thermometor 
At  Z.,  and  the  shade  maximum  at  XZII.,  and  got  differenoea  which  suggested  that 
tbebiaok  boIbtiieniMraetershoald  be  aetaaide  in  lavoor  of  the  SuQshineBeooiderl 
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in  the  Bimuiieri  aod  as  much  as  130°  in  the  winter.  Therefore  the 
summer  extreme  may  be  folly  17°  higher  than  the  snmmer  mean, 

while  the  winter  extreme  is  not  likely  to  exceed  the  winter  mean  by 
more  than  12°.  The  greatest  difiference  between  the  mean  and 
extreme  readings  is  found  ia  October,  and  is  nearly  2d°.  The  mean 
lor  the  year  is  nearly  138°. 

TABLB  I. 


MoHTBLT  Mean  Valubb  of  SoiiIb  IUdution  TsMnaukTUBBs. 


MiudmftittSmi. 

Differenoe  betweea 
Max.  in  Son  and 
Shftde. 

Mcftn 

OliMKved. 

F'.xtreme 
GbMrred. 

Mean 
Computed. 

0-0. 

e 

0 

• 

• 

0 

0 

0 

Jaaaary  .... 

1610 

170-6 

162-9 

+ 

1-9 

0-8 

62-4 

77-2 

Fdxraaiy  •  • .  • 

162-7 

168-6 

149-8 

2-9 

+ 

0-7 

63-0 

74-7 

143-8 

1590 

142-8 

1-0 

0-8 

60*3 

75- 1 

April   

135-3 

148-7 

133-2 

21 

+ 

0-1 

67-8 

69- 1 

126-7 

139-6 

123-6 

2'1 

+ 

01 

55-0 

68-9 

118-8 

1311 

118-8 

GO 

0  0 

53-9 

66-8 

July  

118-8 

130-2 

121-9 

31 

+ 

1-6 

63-1 

67-6 

127-3 

144-1 

128-8 

+ 

1-6 

+ 

1-8 

56-5 

73-1 

September  . . 

13G-3 

156-1 

188-6 

2-8 

+ 

1-7 

58-1 

79-1 

October  .... 

141-6 

166*8 

146-9 

6-8 

2-1 

600 

76*8 

November  . . 

148*8 

168*8 

161*6 

+ 

3-8 

+ 

1*4 

6t*4 

78*6 

December  . . 

153-3 

170-6 

US*8 

(H) 

0*0 

63-0 

74-5 

137-8 

170*5 

68*7 

79  1 

The  differences  between  the  maxima  in  sun  and  sluwle  iiicifase 
with  fair  uniformity  as  the  temperature  rises,  that  is  from  winter  to 
summer.  From  which  it  follows  that  the  temperature  in  the  sun 
increases  faster  than  the  temperature  in  the  shade. 

It  is  interesting  to  compare  the  ol)ser\-ed  monthly  mean  maxima 
in  the  sun,  one  with  the  other,  by  means  of  some  formula.  Now,  in 
a  previous  paper  it  had  been  shown  that  the  nuixiiua  in  the  shade  at 
Kimberley  may  be  approximately  represented  by  the  formula — 

T=AS»co8Z4-B 

where  on  any  day 
T  is  tiie  maximnm  temperatore  zeqoized; 

8  the  sun's  apparent  Bemi-cUameter  in  Beoonds  of  are  (S*  being 

therefore  the  relative  magnitude  of  the  son's  apparent  area) 
Z  the  snn's  cenith  distanoe ; 

A  and  B  being  oonstants  equal  respeotiTely  to  79^^  and  fiSIP^* 

'  J.  B.  Sutton,  "  Some  Pressure  and  Temperature  Kesults,"  Tram.  S.A,  Phil. 
8oe*^  ToL  sL,  pt.  4,  p.  269. 
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Using  the  nine  formolft^  and  assuming  thai  the  turning-points 
ooma  a4  the  same  time  in  son  and  shades  wa  gati  aa  eipreaaing  the 
solar  maxima* 

The  monthly  means  obtained  by  means  of  these  constants  are  given 
in  Table  I.,  and  also  the  di£ferenoes  C — 0  between  those  computed 
and  those  observed. 

It  is  evident  from  the  signs  of  the  values  in  the  C — 0  column 
that  there  is  some  lagging  of  the  temperature,  the  maxima  not  falling 
so  fast  in  the  autumn,  nor  rising  so  quickly  in  the  spring,  as  they 
would  if  the  correspondence  between  the  sun's  altitude  and  the 
temperature  were  exact.  From  a  climatologioal  point  of  view  this 
is  important.  The  greatest  differenoes,  minus  and  plus,  are  in 
Ebbroary  and  Ootober  respeotiyely,  these  months  as  it  happens 
emhcaciug  the  annnal  mazimom  of  dond  at  noon,  the  Oetober  dhmd 
being  largely  stratiform  and  the  I^ebmary  clond  largely  eamnlns. 
TUde  I.  gives  further,  for  purposes  of  oomparison,  the  diffarenoes 
between  the  computed  and  obserred  monthly  mean  mairiipa  in  the 
shade.  In  ohazaoter  they  agree  very  well  with— albeit  they  are 
smaller  than— the  eorvesponding  solar  diflisrenoes. 

TaUe  n.  gives  oomparative  meteocologieal  elements  for  the  four 
years  1900-1903.  It  gives  monthly  mean  valuea  of— 

(1)  The  mean  maximum  in  the  sun ; 

(2)  The  mean  diffBienoe  between  the  maxima  in  sun  and  shade ; 

(3)  The  mean  peroentage  of  cloud  for  the  lionrs  XL  and  XIY. ; 

(4)  The  mean  dew-point,  and 

(5)  Humidity  at  Noon, 

A  corsory  glance  is  sufficient  to  show  that  there  is  not  any  very 
obvious  relation  between  the  solar  temperature  and  either  the  state 
of  the  sky  or  the  hygrometric  state  of  the  air,  beyond  the  fact  that 
in  a  rough  way  the  amount  of  cloud  is  least,  and  the  temperature  of 
the  dew-point  lowest,  in  the  winter  when  the  black  bulb  tempei-a- 
tures  are  lowest  and  the  difference  of  maxima  least.  There  is 
nothing  at  any  rate  to  suggest  or  to  confirm  certain  previous  results. 
For  example.  Stow  claimed  that  "  solar  radiation  "  {i.e.,  the  difference 
between  the  temperatures  of  sun  and  shade)  is  greatest  when  the 
vapour  tension  is  less  than  the  average.  ■  ITis  argument  and  con- 
clusion seem  to  have  been  that  the  greater  the  quantity  of  moisture 

*  Rev.  F.  W.  BtOWt  "  On  the  Absorption  of  the  Sun'n  Heat  Bagn  fey  the  Vapoars 
of  the  Atmosphere,"  Q.  J.  Met.  S.,  January,  1875,  p.  241.  The  excess  readint?  of  a 
themumieter  in  the  sun  above  one  in  the  shade  as  a  measure  of  "  solar  radiation  " 
is  at  kMtaa  old  Si  tiie  tine  of  LMDbertjHij  the  middle  o(lhe«i^teeitlho«^^ 
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in  the  air;  the  greater  will  be  the  abflorptidn  of  the  sun's  heat  by  the 
air.  Mid  therefore  the  temperature  of  the  air  will  be  raised  at 
the  expense  of  the  heat  which  would  otherwise  haT§  ZMMdlod  (he 
blaok  bulb.   Tlie  evidenoe  of  Tahle  lL,  so  far  as  it  goes,  eays  jiuk 

the  opposite.  Later  on  we  shall  have  reason  to  suspect  that  the 
effect  which  Stow  thought  to  be  due  to  water  vapour  may  be  partly 
due  to  other  causes  ;  and  also,  incidentally,  that  a  mere  tabulation 
of  monthly  avcniges  cannot  unravel  the  tangle  of  iaflueoces  that  go 
to  the  making  of  a  black- bulb  temperature. 

TABLE  II. 


COMPAKATIVB  MbTBOBOLOCICAL  I'lrMENTS  FOB  THB  FOVH  YbABS 

1900-1903. 


DilTerenoe 

! 

Tonipcra- 
tare  lu  %he 
San. 

Iwtween 
Maxim*  in 
Hun  and 
Shad*. 

Cloud 
XI.«idZIV. 

Dew^ioint 

Httmidikjr 
MNooo. 

o 

• 

% 

0 

% 

1520 

•1*8 

M 

493 

30-7 

153-0 

63*2 

41 

531 

36*0 

143-7 

60-3 

37 

52  1 

42*0 

May   

135-2 

58-3 

32 

49-2 

43-9 

127- 1 

54-6 

20 

40-8 

87*6 

118-4 

53-7 

22 

87-2 

48'0 

115M 

53-0 

20 

86*9 

41  0 

• 

136 -tt 

M-e 

17 

87*8 

85*0 

185-4 

88-9 

84 

40-4 

88-8 

1341 

601 

36 

42-4 

31*6 

140-3 

63-2 

30 

42*9 

27*3 

161-ff 

89*1 

-40 

80-0 

81-e 

187-7 

58-6 

80 

44-8 

86HI 

Again,  according  to  an  obsonre  paper  by  J.  Park  Harrises,  H.  von 
Sohlagintweit  arrived  at  the  conclusion  that  the  maximiiiD  isolation 
oamoon  days  of  great  relative  humidity.*  This  maybe  so  in  India; 
i£  "We  could  trust  Table  11.  we  should  say  that  it  probably  is  not 
80  in  South  Africa.  For  we  get  both  high  and  low  solar  temperatures 
and  temperature-dilTerences  when  the  relative  humidity  is  high  ;  and 
also  high  and  low  humidities  when  the  temperatures  and  tempenuure- 
diifereuces  are  high.    lu  particular  we  get  a  mean  monthly  tempo- 

*  J.  P.  Hjurrimn,  '«Noie  on  Solar  lUdUttion  in  Relation  to  Cloud  Mid  Yftpoor  ** 

Q.  J.  Mel.  S.,  October,  1875,  p.  lo'>.  Tha  author  does  not  clearly  distinguish 
between  relative  and  absolute  humidity,  nor  detino  whether  by  iiiHolHtion  he  means 
the  maxiiuutu  temperature  a3  registered  bj  the  black  bulb  in  l  ucuo  or  iu  excess 
over  tht  matimnm  toaponUoio  la  tb»  ifaadfl. 
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nidit  above,  and  a  temperUure-difibraaoe  d°*6'abdTe  ibe 
aimaal  meaiu  when  the  monthly  mean  humidity  is  loweet;  and 
the  lowest  mean  rnaiimnm,  and  neatly  the  lowest  temperatme- 
diffiBrenoe  with  almost  the  highest  lehitive  hnmidxty.* 

It  seems  necessary,  then,  to  compare  the  various  eletaents  in 
some  mora  effective  way.  First  of  ull,  to  sliow  the  tendency  of 
a  variation  in  the  cloudiness  of  the  sky,  Table  III.  has  been  con- 
structed.  It  gives  for  each  percentage  of  cloud — 

(1)  The  nomber  ol  observations ; 

(2)  The  annual  mean  maximum  temperaturas  in  the  son  and 

shade,  and  the  difference  of  maxima  ; 

(3)  The  annual  mean  valaes  of  the  dew-point  and  relative  humidity 

at  noon. 

The  mark  ...  sij^nifies  that  the  sky  is  cloudless,  0  per  cent,  that 
there  is  some  cloud  but  less  in  quantity  than  5  per  cent,  of  the  whole 
sky.  In  a  ^'reat  number  of  instances  this  last  includes  clouds  lying 
low  down  on  the  horizon. 

TABLE  III. 


Thb  Blbmhiitb  abbahobd  or  a  Sbqusmob  of  Cloud 

FmBOniTAOBB. 


Cload%. 

No.  of 
Obflerva- 

Mean 
Dew-poiofe 
a*  Moon. 

Annual 

Mt-an 
lii  llll  ivo 

Humiditjr 

ttftMOOQ. 

Aiinaal 
Mema 
Tfft'limv  in 
IhoSaii. 

Annual 
Mean 

Maxiuia 
in  the 

Bhadft. 

Annual 
DifleroBM 
of 

m 

0 

% 

• 

o 

40 

60 

136 

79 

67 

0 

114 

42 

31 

i:w 

81 

67 

10 

119 

44 

84 

187 

80 

67 

90 

117 

44 

84 

188 

79 

59 

30 

119 

45 

34 

140 

89  . 

68 

40 

110 

46 

86 

141 

80 

61 

80 

106 

46 

86 

149 

80 

69-  ' 

60 

100 

4G 

39 

141 

79 

62 

70 

78 

47 

41 

189 

.  77 

62 

80 

77 

47 

41 

189 

77 

89 

90 

46 

49 

52 

132 

76 

56 

IIK) 

51 

50 

Gl 

113 

69 

54 

We  see  from  this  Table  that  on  the  whole  the  temperature  of  the 
de\v-j>oint,  and  the  relative  humidity,  both  increase  with  the  increase 
of  cloud.    The  temperature  in  the  sun,  however,  is  at  its  highest 


*•  &  T.  Smith  could  not  find  any  directly  traceable  connection  ])«tween  aqiMOU 
vapour  tension  and  solar  radiation.  Ikit  he  only  ditooMiod  monthly  avoEagw. 
See  Q.  J.  E.  Met.  S.,  July,  1886,  p.  188. 
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when  the  sky  is  half-donded.  This  seems  to  Indicate,  is  others 
wise  not  improbable,  that  when  the  sky  is  more  than  half  covered 
the  clouds  are  as  likely  to  shut  off  the  solar  heat  as  to  impede 
ndiation  from  (he  thermometer.  Under  oertain  eiroumstanoes,  more- 
over, clouds  may  reflect  heat  to  the  thermometer.  The  temperature 
in  the  shade  seems  not  to  be  so  much  influenced  by  the  amount  of 
cloud.  It  falls  off  a  little  when  the  percentage  of  cloud  exceeds  60  per 
cent.,  and  notably  so  when  the  sky  is  quite  overcast.  Perhaps  on 
the  whole  the  jj^rciitest  cloud  effect  upon  the  temperature  of  the  lower 
air  is  somewliLfie  about  40  per  cent.  The  difference  of  maxima 
between  sun  and  shade,  however,  goes  on  increasinj^  up  to  a  cloudi- 
ness of  70  per  cent,  or  80  per  cent.  The  explanation  of  this  fact 
seems  to  be  that  a  clouded  sky  accelerates  the  time  of  maximum 
shade  temperature,  changing  it  from  the  normal  at  3  p.m.  when  the 
sky  is  clear,  to  1  p.m.,  or  earlier,  when  there  is  much  cloud.  Thus 
the  shade  temperature  will  not  go  on  increasing  for  so  long  a  time 
under  a  very  clouded  sky ;  consequently  the  rise,  after  the  time 
when  the  black  bulb  has  attained  its  maximum,  will  be  lese  in 
magnitude.  There  are  rare  occasions,  in  oloady  weather,  when  the 
in  the  son  ooeor  late  in  the  afternoon. 

TABLE  IV. 


ThB  ElBUENTS  ABBAMaSO  IN  A  SEQUENCE  OF  CliOUD 

Pbbcbmtaobb. 


MuliMlBlkaBiiii. 

ROMIa 

Cloud 

Jan. 

May 

Sept. 

J«n. 

May 

Sept. 

Jan. 

May 

Sept. 

Jan. 

May 

Sept. 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

ApriL 

Aog. 

Deo. 

AprU. 

Aug. 

Deo. 

AprU. 

Aug. 

Dec. 

AprlL 

Aug. 

Dee. 

o 

0 

0 

o 

o 

o 

o 

0 

o 

% 

% 

% 

•  «  • 

144 

124 

141 

58 

54 

59 

43 

37 

40 

28 

36 

26 

0 

145 

125 

144 

66 

64 

59 

47 

88 

43 

80 

87 

37 

10 

145 

124 

149 

fiO 

64 

69 

60 

80 

48 

86 

88 

38 

20 

147 

123 

145 

60 

55 

60 

50 

38 

43 

35 

39 

28 

80 

148 

125 

146 

61 

64 

60 

51 

39 

45 

36 

39 

29 

40 

190 

125 

147 

68 

66 

63 

52 

41 

44 

37 

41 

30 

60 

150 

125 

149 

64 

56 

64 

53 

37 

45 

37 

38 

31 

60 

150 

125 

147 

65 

67 

64 

54 

40 

45 

41 

44 

32 

70 

148 

122 

147 

65 

57 

64 

54 

4S 

46 

42 

49 

31 

80 

149 

120 

148 

66 

56 

65 

65 

37 

47 

4o 

4.') 

3.'^ 

90 

137 

122 

136 

59 

53 

67 

56 

42 

.50 

60 

46 

50 

100 

126 

88 

125 

52 

81 

60 

68 

41 

58 

67 

1  62 

66 

Table  lY.  gives  a  subdivision  of  the  elements  of  Table  III.  into 
periods  of  four  months  each.   The  most  striking  fact  is  that  during 
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the  period  Iffty-Aiigast  the  variatioii  of  doad  appears  to  have  very 
tittle  inflnenoe  upon  the  bahaTiour  of  the  black  bulb,  and  that  the 
mMomiim  at  50  per  cent,  shown  by  Table  III.  is  due  entirely  io 
the  readings  during  the  eight  months  September-April.  By  oom- 
paring  the  aolar  maxima  with  the  difference  of  maxima  between  sun 
and  shade,  W6  elicit  the  curious  circomslance  that  front  January  Io 
April  the  temperature  in  the  shade  is  practically  unaffected  by  any 
quantity  of  cloud  below  50  [xt  cent, ;  whereas  during  the  period 
May-August  the  shade  tenipi  rature  shows  a  tendency  to  fall  as  the 
amount  of  cloud  becomes  greater,  and  actually  to  rise  somewhat 
during  Septeinbi  i -December  as  the  amount  of  cloud  increases  from 
zero  to  50  per  cent. 

Seeing  that  the  temperature  of  the  dew-point,  and  the  relative 
humidity,  both  rise  as  the  amount  of  cloud  increases,  in  each  of  the 
three  terms  of  the  year,  the  expiaiialion  is  not  by  any  means  self- 
evident. 

For  the  purpose  of  getting  a  better  idea  of  the  effect  of  nioislure 
upou  the  temperatures  as  shown  by  a  black  bulb  thermometer 
in  vacuo,  the  observations  under  an  absolutely  clear  sky  have  been 
separated  from  the  rest  and  considered  alone.  Some  such  process 
■eeniB  to  be  WMitod  Itteanie  for  small  amounts  of  eloud  the  aetoal 
plaoee  of  the  oknids  in  the  sky  will  be  of  the  first  importance. 
Afltoocding  to  both  Stow  and  'Bmck  Hsnison  olouds  near  the  son 
inovsMe  "  radiation,"  whereas  doods  near  the  hocison  can  have  hot 
little  inflnwnee.  Thus  a  mean  doad  peroentage  may  be  misleading. 
A  fnrtfaar  important  sd?ants^  of  a  consideration  of  dear  skies  only 
is  thai  tiio  maiima  in  son  and  shade  hXi  at  very  nearly  definite 
hoars,  and  are  therefore  mnch  more  readfly  eomparable.  Sequences 
of  temperatore  onder  dear  skies  have  been  made  for  dew-pointe  and 
homidities  at  noon  in  ascending  order  of  magnitude,  after  the 
algebraio  addition  of  a  monthly  constant  whieh  raises  the  monthly 
mean  temperatures  to  the  mean  of  the  year. 

Table  V.  gives  the  temperature  variations  corresponding  to 
assigned  dew-points.  It  should  be  explained  that  the  dew-point 
2Sf*  includes  really  nil  dew-points  under  30" ;  the  dew-point  33°  all 
dew-points  from  31°  to  36° ;  the  dew-point  38°  all  dew-points  from 
36°  to  40° ;  and  so  on ;  all  over  60°  being  classed  with  the  dew- 
point  63°. 

In  this  Table  the  values  corresponding  to  a  dew-point  of  53°  are 
somewhat  doubtful,  partly  because  they  arc  obtained  from  a  very 
few  observations  ;  but  the  other  columns  are  better.  Our  impres- 
sion from  the  Table  is  that  Stow's  result  is  correct  (even  if  his  way 
of  getting  it  is  not  quite  satisfactory),  and  that  the  difference  of 
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maxima  between  eun  and  shade  is  bi^  when  the  dew-point  is  low, 
the  one  rising  as  the  other  falls.  Now  this  result  is  hrooght  aboal 
by  the  ciromnstance  that  both  the  sun  and  shade  temperatures  rise 
as  the  dew-point  rises,  bat  that  the  hitter  nscs  ahuost  twice  as  fast 
as  the  former.  If  we  suppose  the 'law  of  the  Table  between  dew- 
points  of  28^  and  48°  to  continue,  this  would  make  the  temperatures 
in  sun  and  shade  equal  at  something  less  than  200",  while  the  corre- 
sponditif^  dew-point  would  he  about  ^IQP.  In  «:encral  a  dew-point 
hi^^'lier  than  the  temperature  is,  of  course,  out  of  tlie  question  ;  but  it 
is  curious  that  the  mean  of  the  three,  when  the  first  two  coincide, 
should  not  greatly  differ  from  the  boiling-point.  This  would  mean 
that  an  atmosphere  of  aqueous  vapour  at  barometric  pressure  would 
absorb  the  whole  of  the  solar  heat.  At  the  absolute  zero,  by  the 
same  law,  the  difference  of  maxima  would  be  325"  F.,  the  tempera- 
ture in  the  siuule  bein«T  -  459  ,  and  in  the  sun  -134°.  No  such 
supposition,  however,  is  athnissihle,  considering  the  nature  of  the 
evidence  and  the  irregularity  of  the  values  in  the  Table.^ 

TABLE  v. 

Annual  Mbah  Tbhpbbatures  correspondino  to  AsBiaraD  Dbw- 

poiBTs  AT  Noon. 


I 


Mux.  Temp,  in  the  Sun... 
Max.  Temp,  iu  the  &hadt< 
OUhnMQ  ol  Usadna. . . . . 
HQmkUty%  , 


181 
71 
60 
80 


184 
66 


135 
78 
57 


187 
80 
57 


13« 
81 
55 


117 

79 


*  Prof.  Langley  concluded  from  his  obiit^ivauons  oa  Mt  Whitney  that  in  the 
abMDM  of  any  atmoephere  thtt  temperatme  of  the  earth*t  mufMe  woold  liie 

to  — 878<*F.  under  direct  sunshine.  ("  fiesearohes  on  Solar  Heat,*'  p.  123.)  Bat 
Prof.  Poyntiii^'  show;?  that  nocordinp  to  Kiiilbaunr«  ilrtorminiitinn  of  the  nmount 
of  energy  istiuing  from  a  fully  radiating  surface  at  any  temperature,  a  black  ttphere 
1  sq.  cm.  in  cross-section  placed  in  full  sunshine  at  the  earth's  distance  from  the 
son  wonM  mUain  %  •orfaot  lemperatara  of  70*  F. ;  wliilo  •  flai  ■nrbwo  faoing  the 

sun  would  reach  1  \(y  F.  The  earth's  surface  would  proliahly  bo  20"  le<s,  l)cc;mse 
it  redecls  some  of  the  htat.  {Sutiirr,  St  pt.  '2*2,  11104.)  It  w  ill  he  remembered  that 
tiir  Johu  Uurschei  thuugiit  that  the  burfacu  of  tlie  full  moun  must  necessarily  be 
vwy  maeh  hafttod,  **poMibly  to  %  dtgno  mndi  oxceeding  that  of  boillnit  tnttar  ** 
("  Outlines  oi  Astronomy,"  1H.51,  p.  261).  R.  A.  Proctor  held  the  same  view,  and 
quoted  with  approval  Lord  Itosse's  result  that  the  diurnal  ranpe  of  teniperntiire  on 
tho  moon  amounts  to  fully  dOO^F.  ("Old  and  ^ew  Astronomy,"  IHilS,  p.  d2J). 
C.  A.  Toonst  howom,.  mnufct  th«t "  tluie  to  no  air>U«ikat  at  tiM  moon's  mdmt 
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But  we  hftve  to  remember  th«l  the  Tallies  giyen  in  Table  V.  axe' 
complicated  by  tiha  xadiafekm  of  dark  heat  from  the  bulb  of  the  ther- 
mometer. The  faet  that  the  relative  hmnidity  falls  on  the  whole 
(see  the  Ust  line  of  the  Table)  as  the  dew-point  falls  bears  directly 
upon  this  faok  For  if  the  rate  of  radiation  of  daik  heat  is  governed 
by  moisture  al  all*  whether  it  depends  upon  the  relative  or  the  abso- 
lute humidity,  or  both  together,  it  is  oertain  that  it  will  be  greater 
for  the  lower  temperatures  of  the  TaUe  than  for  the  higher  (apart 
from  the  greater  difibrenoe  between  the  temperatnre  of  the  black 
bulb  and  that  of  the  surrounding  air).  The  maxima  in  the  sun 
are  hence  relatively  lower  in  the  drier  air  than  they  would  be 'if  the 
radiation  of  dark  heat  were  independent  of  the  moisture  present. 
That  is,  it  is  not  inconceivable  that  the  difference  of  maxima  would 
increase  faster  as  the  temperatures  decreased  if  the  radiation  of  dark 
heat  were  constant. 

In  Table  VI.  the  matter  is  examined  in  another  way  by  arranging 
the  maxima  in  sun  and  shade,  under  clear  skies,  in  the  order  not  of 
dew-point  but  of  relative  liumidity.  According  to  this  arrangement 
the  maxima  in  the  sun  and  shade  both  fall  as  the  humidity  increases; 
between  ratios  of  18  per  cent,  and  48  per  cent,  the  latter  falls  16° 
while  the  former  falls  12** :  consequently  the  "  radiation  "  increases 
as  the  humidity  increases.  That  is  to  say,  a  damp  air  seems  at  first 
sight  to  have  the  same  influence  upon  the  action  of  the  black  bulb  as 
air  with  a  small  quantity  of  moisture.  And  the  result  is  the  more 
remarkable  because,  as  it  happens  in  Table  VI.,  the  dew-point  shows 
a  disposition  to  rise,  albeit  not  very  rapidly,  as  the  ratio  of  humidity 
rises.  In  faot,  if  Table  YI.  stood  alone  tiie  condn^oii  to  be  drawn 
would  seem  to  be  exactly  the  opposite  to  that  of  Stow  mentioned 
above;  but  at  the  same  time  to  perhaps  conform  to  that  of 
H.  von  Sehlagintweit. 

to  prevent  it  from  losiiug  huit  tut  faat  as  it  receives  it "  ;  but  he  does  not  explain 
lioir  this  Mil  be,  and  yet  that  the  mazimam  iemparatore  Is  aUaliied  tbree  days 

iiiooi^  ("  Oenernl  Astronoiny,"  1888,  p.  162).  iLCavoiuite  argument  with 
those  who  hol<l  that  no  part  of  the  moon's  surface  is  ever  very  warm  i.s  tluit  on  tho 
top  of  our  highest  mountains,  where  of  courBe  tho  air  is  rare,  there  is  perpetual 
MBOW.  Wherefore,  by  analogy,  the  lunar  surface  must  be  colder  stUl.  But  it  is 
not  an  analogy  ai  all.  The  air  at  hi^  levels  ia  oold  beoanse  it  interoepts  little  ot 
the  solar  radintion.  The  snow  doos  not  melt  because  itxeflects,  instead  of  absorb- 
ing, a  vrry  ^'icat  proportion  of  tlie  incident  heat.  As  for  the  supposed  important 
tact  that  iu  ihu  lunar  radiations  there  is  a  considerable  quantity  of  heat  having  a 
wave-kngih  greater  than  that  o(  the  heat  radiated  from  a  bloek  ot  ice,  it  may  be 
■Qggested  that  it  comes,  in  large  measure,  from  high  lunar  latitudes.  Some 
.remarks  by  E.  Nevill  (Neison)  on  tliis  subject  in  hit  great  wwk,  "  The  Moon," 
1876,  p.  37  et.  »eq.,  are  worth  attention. 
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When  the  relative  humidity  is  greater  then  48  per  cent,  the 
difference  of  maxima  seems  inclined  to  decrease.  The  effect  is 
certainly  not  very  definite ;  but  suoh  as  it  is  it  agrees  with  Abnej 

and  Festing's  result  that,  as  the  air  in  cooling  approaches  the  point  of 
saturation  it  begins  to  exert  a  considerable  absorptive  action  upon  the 
solar  heat.^  As  it  happens,  a  good  number  of  higher  humidity  ratios 
.included  under  58  per  cent,  (which  actually  stands  in  place  of 
«<  greater  than  55  per  cent."),  were  near  the  point  of  saturation. 


TABLE  VL 

Annual  Mean  Tempek.\tureb  correspondinu  to  Batios  OV 
Belative  Humidity  at  Noon. 


BalftUve  Humidity  » 

18% 

23% 

28% 

33% 

38% 

43% 

48% 

53% 

58% 

o 

o 

e 

o 

0 

0 

n 

Max.  Temp,  in  the  Sun    . . 

141 

139 

137 

135 

183 

132 

129 

181 

128 

Max.  Temp,  in  the  Shade. . 

86 

83 

80 

77 

76 

73 

70 

74 

70 

DiCfereace  ot  *^****»^  .... 

5r> 

57 

58 

57 

69 

59 

57 

58 

39 

39 

39 

40 

42 

42 

41 

48 

44 

It  is  not  easy  to  see  how  Tables  Y.  and  VL  are  to  be  leoonoiled; 
and  mace  especially  so,  because  if  we  approximately  raduoe  the 
values  of  Table  V.  to  a  constant  relative  humidity  by  means  of 
Table  YLf  and  reduce  the  valoes  of  Tables  VI.  to  a  constant  dew- 
point  by  means  of  Table  V.,  no  essential  change  is  effected  in  the 
differences  of  maxima  beyond  «"fr^"»g  the  sequences  a  little  moro 
regular.    The  following,  however,  seem  to  be  fair  inferences : — 

The  decrease  in  the  diiference  of  maxima  with  increasing  dew- 
point  shown  in  Table  V.  is  caused  by  the  greater  absorption  by  the 
air  of  the  heat  from  the  direct  rays  of  the  sun.  This  absorption  may 
be  considered  for  the  present  as  a  function  of  the  quantity  of  mois- 
ture present,  and  not  of  the  humid  state  of  the  air ;  for  if  a  humid 
air  absorb  more  solar  heat  than  a  drier  air  (say,  e.g.,  a  cold  air  absorb 
more  than  a  warm  air  v:\n\o  the  dew-point  remains  constant),  then 
the  difference  of  maxima  in  Table  VI.  should  decrease,  instead  of 
increasing,  as  the  percentage  of  humidity  increases.  Radiation  from 
the  black  bulb  does  not  impair  the  general  validity  of  these  con- 
siderations ;  for  whether  this  vary  with  the  qvLantiirj  of  moisture  or 
not,  it  is  hardly  hkely,  ceteris  paribus,  to  be  more  rapid  when  the 
dew-point  is  high  than  when  it  is  low.    Therefore,  for  the  lower 

*  Quoted  in  Hann's  "Handbook  of  Climatology"  (Wwd'i  £diiioa),  p.  119. 
I  have  not  present  access  to  the  original. 
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dew-points  of  Table  V.  the  readings  of  the  black  bulb  may  be  leM, 
they  oumot  well  be  greater,  than  they  would  hftye  been  if  there  were 
not  any  nuUation  of  dark  heat.  Therefore  in  any  case  the  difference 
of  nuudma  should  increase  as  the  dew-point  falls.  So  far  this 
accords  with  the  conchision  formulatod  by  Prof.  Langley  twenty 
years  ago,  that  *'  observations  taken  at  different  seasons  of  the  year, 
at  diti'erent  hours  of  the  day,  or  at  different  altitndos  above  sea-level, 
all  point  to  the  same  conclusion,  namely,  that  there  is  a  large  absorp- 
tion of  solar  radiation  which  depends  upon  and  increases  with  the 
prevalence  of  atmospheric  moisture."  * 

If  our  conclusion  be  justified  that  the  absorption  of  the  sun's  heat 
is  almost  or  quite  iudepeudeut  of  tlie  humidity  of  the  air,  it  follows 
that  the  variation  of  the  differences  of  maxima  as  shown  by  Table  VI. 
actually  represents  the  variation  of  the  radiation  of  dark  heat  from 
the  black  bulb,  and  that  on  this  account  alone  the  black  bulb  will 
read  4''  or  so  lower  in  very  dry  air  than  in  air  half  satunted  with 
aqueous  -vapour. 

Bat  this  difficulty  is  created :  If  it  be  acknowledged  as  a  fact  that 
the  sun  emits  rays  of  all  orders  of  refrangibility,  and  that  every 
absorbing  partiole  in  the  earth's  atmosphere  converts  the  energy 
it  receives  into  rays  of  a  lower  order,  it  would  seem  that  a  humid  air 
should  have  the  same  effect  upon  some  parts  of  the  extreme  infra-red 
of  the  Bolar  spectrum  as  it  has  upon  the  rays  of  terrestrial  dark  heat. 
Therefore  direct  solar  rays  of  this  class  would  be  largely  detained  in 
the  middle  reaches  of  the  atmosphere  because  the  high  relative 
humidity  must  retard  their  free  passage.  Consequently  these  rays 
oonid  never  be  easily  discovered,  unless  at  great  latitudes,  by  direct 
observation  of  the  sun. 

I  have  not  been  able  to  ascertain  whether  the  behaviour  of  the 
black  bulb  thermometer  in  vacuo  under  a  perfectly  cloudless  sky 
has  been  previously  discussed.  Certainly  there  are  not  many  places 
in  the  world  where  the  conditions  are  suflBcientlv  favourable  to  make 
such  discussion  profitable.  So  that  I  am  not  able  to  tell  whether 
Tables  V.  and  VI.  are  in  agreement  with  earlii  r  work.  But  if  the 
suggestions  in  the  three  preceding  paragraphs  are  correctly  deduced 
it  seems  that  the  solar  heat  rays  capable  of  selective  absorption  are 

•  S.  p.  Lnnploy,  in  hi^  clnssical  "Researchos  on  Solar  TIeat,"  p.  189.  Since  the 
text  above  was  wrilttn  I  have  seen  an  even  more  cletiiiite  statement  by  F.  E. 
Fowle,  Jr.,  which  is  worth  quoting  in  full :  "  The  selective  absorption  of  water 
vapour  within  the  range  of  densities  obaerred  seems  to  depend  only  on  the  emoant 
of  the  absorbent  present,  and  is  well  expressed  by  Boogner's  fomrala.  In  other 
words,  the  absorption  produced  by  a  given  quantity  of  water  in  the  form  of  vapour 
is  the  same  whether  the  path  is  great  through  a  small  densitj  or  viu  versd,"'^ 
Smitfuonian  Slit,  Coll.,  1904,  vol.  ii.,  p.  11. 
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diviBible  into  two  elaiwi'efl :  one  being  abeorbeble  by  aqueoni  Tapoar,  the 
absoiption  of  the  other  depending  npon  the  humidity  of  the  speee 
oontaining  the  aqueous  vapour.  There  is,  howerer,  an  alternative 
and  probably  a  better  yiew,  namely,  that  the  solar  radiation  is 
absorbable  in  proportion  to  the  absolute  humidity  alone  (leaving 
out  of  account,  of  course,  the  case  when  the  oondensation  limit 
is  appioaohed) ;  but  that  once  absorbed  it  is  emitted  in  rays  of 
lower  order  and  di  iTe rent  el larac tor.  absorbable  in  proportion  to  tlie 
relative  humidity  alone.  This  latter  view  agrees  better  with  the 
fact  thai  both  retiecLod  solar  heat  and  radiated  dark  heat  reach  the 
earth  from  the  moon. 

It  is  iiiiercsting  to  compare  the  average  of  the  monthly  values  of 
the  absolute  maximum  temperature  in  the  sun  and  the  average 
of  the  monthly  values  of  the  greatest  ditVerence  of  maxima  in  sun 
and  shade  with  other  meteorological  elements  of  the  same  days, 
in  Table  VII.  the  first  line  gives  the  mean  of  the  absolute  maxima, 
while  the  second  line  gives  the  mean  of  the  greatest  dilloreuce  of 
maxima  between  sun  and  bhade. 

TABLE  Vn. 

AyBBAOI  VaLCTS   of    (1)    AIiL  THB  mOHEST  TlMPUllTUBIS  DI 

mm  Svm  m  bach  Mohth;  and  or  (2)  AUi  ram  ooATMn 
DivtmNOis  OF  TBMPnaTUBB  BWWUM  Bun  amd  Shadb; 
oompabbd  wivb  oteib  mstbobolooioal  eumhhtb  ddbdio 
Thbu  Ybabs. 


Maxiina 
In  lbs 
Sim, 

BCaxima 
ijntha 

noMof 

Gtood. 

Relative 
Hamkt 

Dew- 

Don. 

Thunder 
&nd 
laght- 
niAg. 

Hoar 
Frost  oc 
Dewafc 

VIIL 

o 

148-3 
144*0 

o 

85-7 
76-1 

6S-6 
68-9 

% 
41 

H 

% 
28 

1 

44-7 
4ff-fi 

Times. 
12 
3 

Times. 
18 
U 

Time*. 
7 
7 

The  average  black-bulb  temperature  in  tlie  second  line  is  so  high 
because  it  occasionally  happens  that  the  greatest  difference  of 
maxima  in  a  given  month  goes  with  the  absolute  maximum  tem- 
perature in  the  sun.    The  dew-poiab  differs  but  little  in  the  two 

*  For  •ooM  interMllBS  remarks  bsuiiig  upon  this  sm  W.  ML  Davis  on  **TIm 

Absorption  of  Terrestrial  Radiation  by  the  Atmosphere,"  in  Scioh  , .  October  11, 
1  so.') ;  mIso  the  £arl  of  Bosit,  "  On  (ha  Badiaiinn  of  Haat  from  iha  Moon,"  FkiL 
Traiu.,  1878. 


Digitized  by  Google 


Oburwiikm  mad4  with  a  Black  Bulb  Thunnometir, 

•  •  • 


91 


cases,  hut  the  amount  of  cloud  and  the  relative  humidity  each  differ 
by  13  per  cent.  IIi;^'h  temperatures  and  <,n-pat  tenipcruture-dif- 
ferences  are  preceded  hy  morning  dew  or  frost  not  more  than  once 
in  five  times,  while  thunder  and  lightning  follow,  in  the  afternoon 
or  evening,  once  in  three  tinier.  Du^t  has  evidently  mote  con- 
nection with  high  temperatures  thau  with  great  temperature 
differences. 

Scott  has  remarked  that  the  highest  ohserved  teni})t'rature  in  the 
sun  of  which  he  had  heard  was  215 '  at  Fich,  and  not  infre(|uently, 
in  Tibet,  observations  had  been  taken  ranging  above  the  boiling- 
point  of  water  to  the  height  of  the  place.*  It  seems  to  me  to  be 
ezoeedingly  doubtful  if  such  high  temperatures  as  theae  oould  pos- 
sibly be  registered  by  »  bliek  bulb  in  vacuo  exposed  in  the  orthodox 
way.  By  eaitaUe  artifice  they  may,  of  oonrse,  be  obtained.  Thus 
Blanford  mentions  that  Dr.  Cayley  snooeeded  in  making  water  boil 
at  Leh,  11,500  feet  above  sea-level,  by  exposing  it  to  the  sun  in  a 
small  bottle  blackened  on  the  outside  and  plaoed  inside  an  empty 
quinine  phial  to  protect  it  from  the  wind.t  Agsin,  by  placing  an 
open  Uaok  bulb  thermometer  in  a  wooden  box  lined  witii  velvet  and 
oovered  with  a  sheet  of  plate  glass,  it  is  possible  to  obtain  a  tem- 
perature of  200^  to  250^  in  the  sun.  De  SauBsure>  with  a  wooden 
box  lined  with  blackened  cork  and  covered  wi&  thzee  sheets  of 
glass,  obtained  190°.  I  Langley,  on  Mount  Whitney,  in  September, 
1881,  with  his  *'hot  box  "  obtained  a86°.i  J.  Herschel  usmg  a 
similar  apparatus  obtained  248°  at  midsummer,  at  the  Cape,  and 
even  cooked  eggs,  fruit,  meat,  Ac,  with  it ;  he  remarks  that  by 
suitable  precaution  a  temperature  approaching  to  ignition  might 
readily  be  commanded.  ||  All  these  oases,  however,  represent 
accumulated,  not  instantaneous,  solar  radiation.  The  highest 
black-bulb  temperature  obtained  l)y  Dr.  Scully  in  Western  Tibet 
during  the  summer  of  1B75,  at  any  aliiLiuic  exceeding  10,000  feet, 
was  147'-5.  And  even  this,  together  with  some  others  of  130°  to 
135',  at  the  same  high  altitudes,  "are  probaiily  attributable  to  the 
radiation  received  from  the  rocky  sides  of  the  valleys."  1.' 

•  R.  H.  Scott,  Q.  J.  Met.  S.,  April,  1878,  p.  171;  sllO  ths  MOM  Mthoc^ 

"Elementary  Meteorology,"  1893,  p.  66. 

t  H.  Blanford,  "Climates  and  WeaUw  of  India,"  p.  2.  The  boiling-point  at 
tUi  attitade  is  about  19S».  , 

I  See  J.  Forbes,  "  Transparency  of  the  Atmosphere,*'  Phtt,  IVoiM.,  1848. 

§  S.  P.  Langley,  "  Kt-grurchcs  on  Solar  Heat,"  p.  167. 

II  J.  Heraohel,  "lieiiultiiof  Qlwervationa  at  the  Cape  of  Good  Hope,"  Appvudix  C, 
P.4M. 

V  H.  BlMitoid,  Indian  lM,Mmolr»t  ?«)L  L,  p.  S90. 
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TABLB  Vm. 

Some  Gompa&atiyb  Statistics  of  Solab  Badiatiom. 


Btalion. 


Kimberley 

Leh  

OhftkiAta.. 
Banikhet.. 

Dehra .... 
Boorkee . . 
Bai«iUv . . 

Adelaide. . 
Cordoba . . 


Altitude 
in  Feet 


8.950 
11, .540 

7,050 
6,070 
2,"230 
890 
570 
110 
1,440 


Cloud  Relative 
at  Humidity 
Noon,  at  Noon. 


\ 
80 

54 

48 

44 

38 

29 

81 

51 

47 


% 
86 

51 
53 
47 
55 
47 
50 
46 
51 


Dew- 
point 

at 
Noon. 


448 

31-6 
45-6 
48*6 
60-8 

59-  7 
62-4 

60-  2 

61-  3 


Difference  ol  Maxima. 


Ob- 
served. 


58-6 
63-4 
67-9 
fi7« 
54-9 
583 
620 
57-7 
65-8 


Cor- 
to  Cloud 


58-6 
61-4 
65-9 
56-0 
53-9 
68-8 

n^o 

55-7 
53-6 


Cor- 
rected to 
Humid- 


58-6 
57-6 
683 
04-S 

50-  7 

51-  5 
41'7 
54  0 
51  1 


Cor- 
rected to 
Dew- 
poial 


58-6 
55-8 
68-6 
»*8 
M-9 
55-4 
M-4 
55-6 
52-9 


The  Indian  values  in  the  first  six  columns  of  Table  VIII.  are 
extracted  chiefly  from  a  discussion  of  the  meteorology  of  the  North- 
West  Himalaya,  by  the  late  S.  A.  Hill*  Values  for  Kenilworth 
(Kimberley),  Adelaide,  and  Cordoba  are  inserted  for  comparison. 
The  quantities  for  the  different  places  are  not  strictly  comparable. 
At  Cordoba  the  mean  difference  of  maxima  only  applies  to  clear 
days,  since  readings  of  the  black  bulb  are  not  taken  on  cloudy  days. 
The  amount  of  cloud  at  the  Indian  stations  is  the  mean  of  all  the 
observations  at  wliatever  time  of  the  day  they  are  made,  and  this 
may  differ  somewhat  from  the  true  noon  values.  At  Kenilworth  the 
amount  of  cloud  is  the  mean  of  observations  at  XI.  and  XIV.  The 
humidity  percentages  for  the  Indian  stations  are  also  the  means  of 
all  the  observations.  I  have  deducted  15  per  cent,  from  each  to  get 
the  approximate  noon  percentages.  The  humidity  peroenteges  and 
dew-pdnte  for  Adelai^  axe  derived  from  the  maximum  Taluea  of 
dry  and  wet  holbs,  whioh  axe  not  naoaUy  attained  at  noon,  nor 
do  they  neeeeaarily  oooor  Bimnltaneooaly.  I  have  left  the  Indian 
dew-points  nntonched,  not  having  materials  wherewith  to  ooixeot 
them  for  dafly  range* 

Indian  meteorologists  were  never  very  friendly  to  the  Uadc  bnlb 
thermometer.  (Why  do  they  use  it  at  all?)  Hill  oommented  as 
follows:  "If  the  air  were  absolntely  diathermanons  the  altitode 
of  the  son  above  the  horizon  and  the  vertical  thickness  of  tiie 
atmosphere  above  the  |plaoe  of  observation  should  have  no  effect 

•  &JuHin,JiidiimJr«<.Jr«iMlrt,vol.i.,p.877. 
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upon  the  temperature  difEuenoes,  whioh  should  therefore  be  the 
same  for  all  the  statioss  and  for  every  montii  of  tho  year.  But  the 
air  having  some  absorbing  power  the  dififerences  should  be  greatest 
when  there  is  least  air  for  the  sun's  rays  to  pass  through  ;  that  is  to 
say,  at  the  highest  stations  and  in  the  summer  months.  Up  to 
Chakrata  the  excess  temperature  of  the  solar  thermometer  does 
increase  with  a  fair  degree  of  regularity,  but  it  appears  to  be  less 
at  Leh  than  at  Chakrata,  contrary  to  all  theory.  There  is  also  no 
regular  increase  apparent  in  the  heating  power  of  the  sun  as  tho 
season  changes  from  winter  to  summer.  The  truth  is  that  the 
indications  of  the  l)lack  bulb  thermometer  are  affected  by  so 
many  disturl)in<^  causes  that  after  all  possible  corrections  they 
are  of  little  or  no  value  for  inter-comparison ;  though  with  the 
same  thermometer  at  the  same  place  and  under  absolutely 
constant  conditions  of  exposure  the  figures  for  one  year  may 
be  to  some  extent  comparable  with  those  of  another."  The 
probable  error  in  this  criticism  is,  of  course,  that  any  sort  of 
air  is  an  absorber  of  solar  radiation — quantity,  not  ite  quality, 
detoimlmng  llie  amoont  of  the  abaoiption.  Be  thai  as  it  may, 
I  have  lednoed  the  difliBrenoee  of  maTima  (whioh  Hill  oalls  ihe 
"eioess  temperatnxe  of  the  aolar  thermometer")  to  a  oommon 
fltendaid  of  olond,  lelatiye  hmnidity,  and  dew-point  by  means  of 
the  zeeolts  obtained  for  EenUworth  in  T^Ues  IIL,  YI.  The 
Bteps  of  the  prooeas  ivill  be  followed  in  the  last  three  oolnmns  of 
TsUe  yilL  Considering  the  outstandmg  amount  ol  nnoertainty 
in  the  difforent  elements  the  agreement  of  one  station  with  another 
shown  by  the  last  oolnmn  is  remarkable.  Ohaikrata  is  the  only 
station  diflering  materially  from  the  others*  and  this  arises  probably 
beeanse  bnlty  observing  has  given  too  great  a  temperature  excess 
to  start  with.  Adelaide,  as  it  happens,  is  in  nearly  the  same  latitude 
as  Leh ;  Kimberley  is  some  7°  nearer  the  equator,  and  so  should  be 
expected  to  show  a  somewhat  greater  di£bren6e  of  maxima  between 
sun  and  shade  than  either  of  these  two. 

I  have  chosen  Himalayan  stations  for  this  comparison  beoanse 
they  stand  at  different  altitudes  near  the  same  latitude.  The 
outcome  goes,  I  think,  to  show  that  the  observations  made  in 
various  places  may  be  much  more  readily  comparable  than  has 
sometimes  been  supposed.  Given  a  uniform  system  of  observing, 
under  definite  conditions  of  exposure,  then  it  seems  a  fair  inference 
that  valuai)le  and  comparable  data  can  he  ()l>tained.  It  is  to  l)e 
hoped,  at  any  rate,  that  the  hard  names  the  Ijlack  bulb  thermometer 
in  vacuo  has  been  called  will  not  deter  observers  from  continuing  to 
use  it  to  the  very  best  of  their  abiliiy. 
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Some  very  elaborate  theories  liave  been  conatructed  upon  a  l)asis 
of  the  al)S()r|)li()ii  of  beat  by  aqueous  vapour.  Tyiidall  and  others  have 
thought  that  the  enerfry  of  terrestrial  radiation  is  dt'tennined  almost 
entirely  i)y  the  (juantity  of  transparent  aqueous  vapour  in  the  air. 
"  The  presence  of  the  vapour  checks  the  loss,  wbile  its  removal 
favours  radiation  and  promotes  the  nocturiuil  chill.''  Tyndall  also 
was  of  opinion  tbat  the  sanje  ladiation  was  largely  responsible  for 
the  heavy  rainfall  of  tropical  regions,  and  he  added  :  The  aqueous 
vapour  which  absorbs  heat  thus  greedily,  radiates  it  copiously  ;  and 
must  come  powerfully  into  play  in  the  tropios.  We  know 
that  the  aim  rases  from  the  equatorial  ocean  enormous  qoantttiee  of 
vapour,  and  that  immediately  under  him,  in  the  region  of  oahns^ 
the  rain,  doe  to  the  condensation  of  the  vapour,  descends  in  deluges. 
Hitherto  this  has  been  ascribed  to  tiie  chilling  that  aooompanicB  the 
expansion  of  the  ascendmg  air ;  and  no  donbt  this,  as  a  true  cause, 
must  produce  its  proportionate  effeot.  But  the  radiation  from  the 
'vapour  itself  must  also  be  influentiaL  When  a  column  of  saturated 
air  ascends  from  the  equatorial  ocean,  the  radiation  from  it  is  for 
some  time  intercepted*  and  in  great  part  returned  to  it,  by  the 
surrounding  vapour.  But  the  quantity  of  vapour  in  the  atmosphere 
diminishes  rapidly  as  we  ascend;  the  decrement  of  vapour  tension, 
as  proved  by  Hooker,  Strachey,  and  Welsh,  is  much  more  speedy 
than  that  of  the  air  itself;  and,  finally,  our  vaporous  column  finds 
itself  elevated  beyond  the  protecting  screen  which,  during  the  first 
portion  of  its  ascent,  was  spread  above  it.  It  is  now  in  the 
presence  of  pure  space,  and  into  space  it  poui*s  its  heat  without 
stoppage  or  requital.  To  the  loss  of  heat  thus  endured,  the  con- 
densation of  the  vapour,  and  its  torrential  descent,  must  certainly 
be  in  part  ascribed." 

An  explanation  running  upon  similar  lines  was  the  carbonic  acid 
theory  of  S.  Arrhenius,  invoked  primarily  to  explain  the  Great  Ice 
Age.  On  account  of  its  historical  importance,  I  venture  to  (|Uote 
a  passage  from  a  most  enthusiastic  account  of  il  by  Dr.  2s Us 
Ekholm : — 

Among  all  the  numerous  hypotheses  imagined  in  order  to  explain 
the  great  chmatic  changes  of  the  geological  ages,  that  worked  out  by 
S.  Arrhenius  on  the  ground  gradually  laid  by  Fourier,  Pouillet, 
Tyndall,  Langley,  Enut  Angstrdm,  Pasohen,  and  others,  is  the  only 
one  which  has  stood  the  test  of  a  scientific  examination.  It  is 
founded  on  the  fact  that  carbonic  acid,  though  as  transparent  as 
pure  air  to  the  solar  rays,  is  partly  opaque  to  the  heat  radiating  from 

*  J.  Tjmdall,  "  Heat  a  Mode  of  Motion,"  1880,  p.  3^.  Also  by  the  aame  author, 
**  On  tbs  B«IatloiD  of  Miant  Bmi  to  Aqneoas  Vapoor,**  PkU.  Trmu,,  1898. 
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tke  ground  uid  the  lower  aid  Wftrmer  'skate  of  aimoephezar 
Owing  to  tiuB  the  «ibomo  add  of  the  atmosphere  aots  as  the  glass 
of  a  gnenhoDse,  letting  throned  the  solar  rays,  bat  partly  retsuimg 

the  dark  rays  emitted  Isom  the  gvonnd.  Thus  if  the  qoaotity  of 
evbonic  acid  in  the  atmosphere  ineroaflOSt  the  temperature  of  the 
gcoond  and  the  lower  atmospheric  strata  will  be  raised,  till  the 
increase  of  radiation  into  spaoe  caused  by  the  inorease  of  tempera- 
ture has  restored  the  eqniUhrimn  between  gain  and  loss  of  heat. 
But  to  this  is  added  a  eiroum stance  which  eonsiderably  adds  to  the 
influence  of  the  carbonic  acid.    Aqueous  vapour  possesses  the  same 
remarkable  property  as  carbonic  acid,  and  is  nearly  transparent  to 
solar  heat,  and  nearly  opaque  to  terrestrial  heat.    Aqueous  vapour 
alone  is,  however,  unable  to  produce  any  radical  change  of  climate. 
For  the  quantity  of  aqueous  vapour  in  the  atmosphere  is  itself 
depending  upon  the  temperature  of  the  air ;  if  this  be  lowered  by 
some  cause,  for  instance  by  radiation,  the  aqueous  vapour  is  partly 
condensed  and  separated  from  the  atmosphere,  whereby  its  protecting 
influence  is  diminished,  and  then  the  increased  radiation  causes  a 
new  condensation  of  vapour,  and  so  on.    It  is,  therefore,  only  in 
regions  and  seasons  already  favoured  by  nature  with  a  warm  and 
damp  climate  that  aqueous  vapour  alone  is  able  to  play  the  part  of 
greenhouse  glass ;  whereas  in  cold  and  dry  regions,  where  the 
protection  is  most  needed,  aqueous  vapour  fails."  * 

^Qwee  two  deeeripton  are  liirly  typical,  bat  differ  in  the 
important  partieolar  thai  whereas  Tyndall'e  remaate  are  based 
wgm  some  very  high-oiass  ezpsihnental  faots,  Bkholm's  are  based 
npon  sheer  assamptioo.f  Bat  in  either  ease  it  is  difBonlt  to  see 
iHieiB  the  gioat  pvoteetion  oomes  in ;  for  at  tl^  best»  espeoially  on 
%  vQlMag  ^be^  the  good  absorber,  -and  therefore  good  radiator, 
san-only  ddaj  somewhat,  and  diiefly  by  absorHng  its  own  radia- 
tion,! the  ifaial  emission  of  heat  into  spaee.  Ear  it  is  to  be  noted 

*  K.  Ekholm, "  On  the  Vari*tioii8  of  the  CUmaie  qI  the  Oeologioal  and  Historical 
PSit,  and  ikiir  Ouisi,"  Q.  /.  R.  Met,  8.^  hmugj,  1901.  Sobm  aatbon  snggaat 
Aat  Mvbonki  adid  is  tn  tituHTrtMi^  tfftnttiiwmt  ci  tbsatnuq^hancC  tlM  plaaslMsrii 

f  Bee  inter  alia  a  notice  by  Cleveland  Abbe  and  F.  W.  Very,  of  a  paper  by 
K.  Angstrom,  in  .1/.  W.  R.,  1901,  p.  268  ;  J.  Hann,  "  Handbook  of  Climatology," 
1903,  p.  399.  There  ia  an  interesting  "  lieport  on  Carbonic  Acid, '  by  W.  C.  Day, 
In  Lu^^s  <*BaManhN  on  Solar  Hm*,**  p.  m  InetdntaUj  tho  author 
mentions  tha  ttMOiy  ol  IL  H.  Sohloesing  that  the  ooean  acts  as  a  twemrir  and 
regulator  ol  afanoiphwle  oarboale  add,  owifiningiti  variations  betwe«  wry  naiiow 
limits. 

I  AooQvding  to  0. 0.  RoteUas-aad  7. 0.  Fsanon,  afloioBBof  ordinuy  damp  air, 
vMi  a  relative  humidity  of  78  per  cent.,  245  cm.  thick,  absorbs  60  per  cent,  of  its 
own  radiation,  the  other  40  per  osni.  boing  Inalj  tSMMnilled.  **  Air  Badiatkw," 
M.  W.  B.,  July,  1904,  p.  314. 
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that  ndiation,  like  absorption  and  unlike  reflection,  is  not  a  surface 
phenomenon,  bat  takes  place  from  the  whole  body  of  matter  in 
question.  In  it  is  known  that  a  stratiim  ci  any  enbetance, 
however  sli^t  its  emimiTity  for  partiaolar  radiationt,  will,  if  only 
thiok  enoagh»  hehave  eiactly  like  a  black  body.* 

It  it  to  be  noted  that  the  suggestion  that  tenMtrial  zadiiAioD 
depends  more  upon  tiie  lelatiTe  than  upon  tfie  absolnte  hunidity 
does  not  depend  solely  upon  the  observations  of  tsmpetalme  oiled 
at  the  commenoement  of  this  paper.  Some  years  ago  I  pnbliehed 
some  resnlts  showing  that  under  absolntdy  clear  skies  the  air  itsalf 
seemed  to  oool  more  rapidly  when  the  relative  hnnddity  was  low 
than  when  the  dew-point  was  low.f  Indeed  no  variatian  arising 
out  d  the  absolute  humidity  eould  be  detected  with  certainty.  It, 
then,  we  can  accept  it  as  proved  that  the  solar  rsdtation  is  absorbed 
in  proportion  to  the  absolute  humidity  alone,  while  terrestrial 
radiation  is  absorbed  in  proportion  to  the  relative  humidity  alone, 
the  protective  value  of  the  atmosphere  appears  in  a  much  more 
effective  aspect.  To  start  with,  we  shall  have  terrestrial  radiation 
(say,  e.g.,  nocturnal  cooling)  proceeding  more  and  more  slowly  as 
the  temperature  falls,  even  though  the  dew-point  fall  as  dew  is 
condensed  out  of  tlie  lower  air.  At  high  temperatures,  under  full 
sunshine,  the  emission  to  space  may,  in  some  cases,  be  almost  as 
rapid  as  the  reception  of  heat  from  the  sun.  At  lower  temperatures, 
even  with  the  same  quantity  of  moisture,  the  emission  may  be 
extremely  slow.  An  elevated  sheet  of  air  containing  a  given 
quantity  of  aqueous  vapour  at  a  given  temperature  may,  on  account 
of  a  low  absolute  humidity,  permit  the  solar  radiation  to  pass  with 
comparative  freedom,  while  on  account  of  a  high  relative  humidity 
the  return  terrestrial  radiation  might  be  effectually  checked.  In 
this  case  the  sheet  of  air  does  bear  some  analogy  to  the  glass  of  a 
greenhouse  so  desr  to  the  heart  ol  the  ortiiodoix  meteorologist. 
Should  the  temperature  of  the  elevated  sheet  of  air,  however, 
happen  to  be  high,  so  that  its  relative  humidity  is  low,  then  the 
analogy  bseaks  down,  for  the  tecresftrial  xadiatioa  is.  no  kxiger 
oheoked  by  It.  By  way  of  restoring  the  anak^,  does  a  hot  sheet 
of  glass  absorb  as  much  dsri[  heal  as  a  odd  sheet? 

•  See  P.  Q.  Tait,  "  Heat,"  1896.  p.  S62 ;  J.  Tyndall,  "  Hmi  a  IMol  Motion,** 
1880,  p.  312.    The  former  gives  a  mathematical  demonstration. 

J.  B.  Sutton,  "Aqueous  Vapour  and  Temperature,"  Symons^t  Met,  Ma0,,  180S, 
Tol.80,p.lM.  Tfatmittoriibdagm«HBiBdL 
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fiESUI/FS  OF  FUBTHEB  EXPEEIAiENTB  ON  TABLB 
MOUNTAIN  FOB  ASOEBTAXNINQ  THE  AMOUNT 
OJP  M0I8TUBE  DBPOSIXBD  FBOM  THB  SOUTH* 
BAST  OLOUD& 

Bt  B.  MabxiOxb,  PkD.,  M.A. 
(Bead  March  29, 1906. 

II  will  be  zemembered  tiiak  ebonl  two  yews*  ego  I  kid  beioie 
the  Soeiely  the  leenlts  of'  eome  observations  on  the  amount  of 
moisture  deposited  from  the  south-east  clouds  on  Table  Mountain, 
and  that  in  summing  np  these  results  I  stated  "  that  the  objeot  of 

my  work  had  been  to  ascertain  moie  exaotly  the  climatic  conditicms 
nnder  which  the  plento  on  the  mountain  existed.  That  side  of  the 
quration  has  been  answered.    Their  summer  is  not  dry.  Their 

climate  is  that  of  a  swamp — a  permanent  swamp  in  winter,  a 
periodical  swamp  in  summer,  which  dries  up  during  a  long  spell  of 
tine  weather,  but  becomes  soaking  wet  during  tlie  days  of  the  south- 
east cloud.  These  results  explain  why  such  luxuriant  and  thickly- 
set  vegetation  prevails  on  the  upper  parts  of  our  mountains  .  .  . 
and  why  there  are  little  lakes,  even  late  in  summer,  on  the  top  of 
Table  Mountain,  as  well  as  close  to  the  summit  of  JJutoit's  Peak. 
.  .  .  The  purely  meteorological  side  of  the  question  I  leave  to  others 
for  further  investigation." 

The  method  employed  consisted  in  keeping  two  o-inch  rain-gauges 
on  the  top  of  the  mountain — one  of  the  ordinary  kmd,  and  the  other 
one  surmoonted  by  a  framework  which  carried  an  imitation  bunch 
of  seeds  1  loot  bi^  The  qnenlities  M^iioh  I  had  obtained  in  my 
meMoraments  were,  however,  so  large  that  they  met  with  a  oon- 
sidaraUe  anuMml  of  donbti  althongh  I  had  taken  speoial  eare  to  point 

•  R.  Marloth.  "  Results  of  Experiments  on  Table  Mountain  for  Ascertaining  the 
Aznoant  of  Moistare  Deposited  from  the  South-east  Clouds  "  (Trans.  S.A.  Phil.  Soo., 
veLilT.,p.  408,  1908). 
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out  ihat  I  did  not  look  upon  Hmdi  m  representing  &  oaneqpondiiig 

The  main  objection  raised  against  the  method  of  measnzemenl 
employed  was  that  an  isolated  groiq^  of  reeds  mi{^t  oi^tiire  sobh  a 
qnantity  of  moistue,  bat  that  othecs  standing  behind  the  first  one  or 
the  first  row  woold  not  be  able  to  do  so,  owing  to  the  front  rowaoting 
as  a  soreen  and  straining  the  moisture  out  of  the  passing  oloiidr— 
that,  in  faot,  there  would  not  have  been  saffident  moistare  left  to 
snpply  the  reeds  in  the  rear. 

The  Society  having  deoided  that  farther  experiments  were  desirable, 
tibe  Gonnoil  requested  me  to  undertake  them,  voting  at  the  Hyne  time 
the  nocessar}'  funds  for  the  acquisition  of  additional  gangas.  With 
the  help  of  some  friends  and  the  assistance  of  the  city  water-engineer, 
Mr.  Wynne-Boberts,  and  a  member  of  his  staff,  I  was  enabled  to 
oontinue  the  obeerrations  for  two  years ;  henoe  I  think  that  it  may 
interest  some  members  of  the  Society  to  hear  what  has  been  the 
result  of  this  work. 

Before  stating  these  results  I  should  like  to  refer  briefly  to  the 
main  objection  mentioned  above,  and  to  see  what  an  amount  of 
moisture  would  be  available  in  a  south-(Mst  cloud.  In  order  to 
simplify  the  calculations,  I  beg  leave  to  employ  metric  measures, 
and  I  shall  put  the  height  of  the  mountain,  roughly,  at  1,000  m., 
the  exact  figure  being  1,082  m.  The  lower  limit  of  the  cloud  varies, 
of  course,  considerably;  but  it  may  be  put  at  an  average  of  600  m, 
above  sea-level,  which  means  that  each  layer  of  the  cloud,  from  tho 
time  it  is  formed  until  it  reaches  the  summit,  has  to  ascend  400  m. 

As  the  air  at  the  lower  limit  of  the  cloud  is  saturated  with  water 
vapour,  apart  from  the  water  in  liquid  form  which  is  suspended  in 
the  air  and  forms  the  doud  itself,  and  as  snoh  air  with  an  initial 
temperature  of,  say,  20^  0.  rsdnoes  its  temperstoe  by  0*4^0.  lor 
every  100  m.,  the  total  deoiease  oi  temperature  dnriug  the  rising 
from  the  600-  to  the  1,000-ni.  level  would  be  1-72°  0.* 

If  the  temperature  of  fully  saturated  aur  of  90^  0.  be  reduoed  1^ 
one  degree,  a  condensation  of  0^  grammes  of  water  will  take  plaoe 
in  every  oubio  metre  i3i  such  air;  henoe  in  our  ease  1*68  grammes  of 
additional  water  above  that  whioh  originally  formed  the  eloud^ 
would  be  floating  m  every  eubio  metre  of  aur  on  its  arrival  at  tho 
eastern  edge  of  the  top  of  the  mountain. 

The  velooity  of  the  south-east  wind  baa  been  found  ocioarionally 
to  ezoeed  40  miles  an  hour;  but  let  ua  take  a  nAodfy of  90  milea 

*  Theso  cftlonlationt  in  based  upon  Haon'i  "Lahrbooh  4«r  MslinralQiU,- 
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only,  which  corresponds,  roughly  speaking,  to  8  m.  per  seo.  As 
there  are  3,600  seconds  in  an  hoar,  a  velocity  of  8  m.  per  seo.  means 
that  danng  one  hour  28,800  onb.  m.  of  air  would  pass  successively 
over  the  same  surface  of  1  square  m.;  and  as  each  cubic  metre 
of  air  is  carrying  l'68grammeB  of  suspended  water,  the  total  quantity 
of  it  passing  this  area  would  be  48,384  grammes,  a  quantity  which, 
if  deposited  on  an  horizontal  surface  of  1  square  ni.,  would  be 
equal  to  48  mm.  of  rain,  or,  in  round  figures,  2  inches  per  hour. 

That  is  taking  into  consideration  only  a  layer  of  air  1  m.  thick  ; 
but  the  cloud  is  often  100  or  more  metres  thick,  and  as  tlie  mas!>os 
of  cloud  in  their  course  over  the  mountain  are  hurled  and  whirled 
about,  any  portion  of  the  lower  layer,  that  may  have  been  deprived  of 
its  suspended  moisture  by  the  reeds,  is  constantly  mixed  with  fresh 
masses  from  above,  and  there  is  evidently  much  more  moisture 
available  than  many  miles  of  reeds  "  could  ever  capture. 

It  is  this  large  excess  of  condensed  moisture  which  lloats  about  in 
the  cloud  in  the  form  of  small  drops  that  accounts  for  the  sui-prisingly 
large  deposit  of  water  on  the  reeds  and  rocks  and  all  other  obstacles 
in  their  way.   Nol  all  elonds  possess  sooh  a  soaUiig  I  have 

someiioiee  qpent  many  honzs  on  the  moontain  in  Hikdc  ctonds  with* 
oat  finding  any  moisture  on  the  bashes  or  any  water  in  my  gauges. 
That  is  qieeially  the  ease  daring  northerly  wfaids;  bat  when  a  zeal 
soath-easter  blows  thmgs  are  qoite  djfforent,  and  I  am  sore  it  woald 
simplify  the  disoossion  eondderably,  if  some  of  the  soeptios  woold 
give  me  the  pleasaie  of  their  oompany  on  sneh  an  oooasioa. 

Saeh  a  doad  is  really  an  intimate  mixtaie  of  an  ordinary  olood 
with  a  very  finely  distribated  rain  in  its  initial  stages,  and  as  this 
mass  is  moving  with  great  velooity,  the  minate  raindrops  are  not 
allowed  to  fall,  and  are  oaptared  only  wiien  they  oome  into  oontaot 
with  a  solid  body. 

Anothw  objection  against  the  method  employed,  and  the  con- 
clusions drawn  from  the  observations,  has  been  laid  before  this 
Society  by  Mr.  Charles  Stewart,!  in  a  paper  read  in  July,  1903,  and 
entitled  A  Note  on  the  Quantities  given  in  Dr.  Marloth's  Paper 
on  the  Moisture  Deposited  from  the  South-east  Clouds."  Mr. 
Stewart  took  considerablf*  pains  to  calculate  the  total  surface  of  the 
vertical  superstructure  employed  by  me,  and  found  that  the  vertical 
"catchment  area"  of  the  gauge,  i.e.,  the  surface  of  the  framework, 
reeds,  and  other  parts  amounted  to  114  square  inches,  which  is  six 
times  as  much  as  the  horizontal  area  of  the  gauge.    I  am  much 

•  I  repeat  the  explanation  on  p.  404  of  my  previous  paper,  that  thege  pl&otg  an 
not  real  reeds,  but  restemblti  them  utilj,  belonging  to  the  order  Ii€«tionacea, 
f  ChtttaslC.  Straart,  &8e.,  Tkans.  BJLFhil.  See.,  voL  ilv.,  p.  418, 1906. 
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obliged  to  Mr.  Stewart  for  this  calculation,  for  it  enables  those  who 
are  not  familiar  with  the  internal  condition  and  state  of  a  south-east 
cloud  to  recognise  at  a  glance  wliat  an  enormous  surface  a  bunch  of 
reeds  only  one  foot  high  exposes  to  the  passing  cloud.  When,  how- 
ever, Mr.  Stewart  goes  a  step  further,  and  divides  the  total  quantity 
of  moisture  collected  in  the  gauge  by  the  number  of  vertical  square 
inches  found  by  him,  and  gives  the  factor  obtained  in  this  wvj  as 
fhe  true  deposit  of  moisture  per  square  inch  of  the  gauge,  I  bil  to 
oomprehend  his  reasoning. 

My  6-ineh  gauge  oanried  twenty-four  vertioal  wiiet  and  leads, 
ooExesponding  to  176  reeds  per  square  foot  ot  ground.  If  we  find 
that  a  kyer  of  water  1  inch  thick  has  been  deposited  on  a  pieoe  of 
ground  1  sqfnaie  foot  in  extent,  we  most  oonolude  that  the  plants 
growing  on  that  patoh  have  this  quantity  of  water  at  thmr  disposal, 
the  usual  losses,  of  course,  being  left  out  of  account  What  could  it 
matter,  as  fir  as  the  recording  of  a  quantity  of  water  per  square  inch 
is  concerned,  whether  this  water  was  coUeoted  dizeetfy  from  rain  fay 
the  horisontal  surface  of  the  ground  or  indirectly  from  the  doQds 
by  means  of  the  176  vertical  reeds  standing  on  this  area? 

There  are  several  other  misunderstandings  in  Mr.  Stewart's  paper 
which  would  require  adjustment,  but  I  fear  that  this  would  take  up 
too  much  of  the  time  of  the  Society.  X  must,  however,  refer  to  a 
source  of  error  which  has  not  been  mentioned  as  yet. 

During  my  earlier  experiments  I  had  assumed  that  the  difference 
between  the  records  of  the  two  gauges,  viz.,  the  ordinary  rain-gauge 
and  the  reed-gauge,  represented  only  moisture  captured  by  the  reeds, 
exclusive  of  all  rain.  From  the  daily  readings  of  the  gauges  at  the 
Woodhead  reservoir  it  is,  however,  apparent,  that  during  rain  the 
gauge  with  the  reeds  collects  much  more  water  than  the  open  one. 
There  is  no  uniform  ratio  between  the  two,  the  gauge  with  the 
reeds  showing  during  ordinan'  rain  from  three  to  four  times  as  much 
as  the  other  one ;  but  during  "  misty  "  rain,  when  the  open  gauge 
records  sometimes  only  j,',,,  or  |\,  of  an  ineli,  the  capture  of  the 
reeds  was  ten  or  even  twelve  times  as  much. 

This  variation  of  the  ratio  shows  how  efifeotive  the  vegetation  is  in 
comparison  with  the  bare  ground  or  rooks  in  capturing  moisture 
apart  from  the  reel  xsin,  hut  il  will  be  impossible  to  asoertain  exactly 
bow  much  be  due  to  the  one  source  and  how  muoh  to  the  other.  As 
these  experiments  were  never  intended  to  give  accurate  quantitative 
returns  which  could  be  entered  slongside  the  rainfall  records,  but 
merely  to  demonstrste  thai  much  more  water  was  dsposiled  on  the 
mountains  than  the  ordinary  rain-gaoges  indicated,  eqMciaUy  in 
summer,  it  will  not  matter  if  we  exclude  all  the  periods  during  which 
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VDj  nin  was  raooided,  aod  ntiliie  ibr  our  pu  rpoaet  only  tiboae  reoordt 
whioh  are  not  •fleotod  by  this  SRor. 

The  loUowhig  Tsble  gives  %  vmmnty  of  the  vesnlis  for  periods 
during  iriiioh  no  rsin  wm  obeemd: — 


Woodhead  Bin&mbL 
Alt.  %m  f«al. 


MMlear'B 

Alt  8.800 


Nanil>er 
0(d»ya. 

llMllUt 

Natnber 
of  dayi. 

DeeamlMrrlMe. 

1-35 

8 

Qftoge  standing  in  the  open 

Jannarv,  1904  .. 

1-58 

5 

9-55 

7 

Februaxv.  I'JOi. 

2-18 

6 

4-56 

9 

Ifuah,  i904  

3-72 

7 

0*0 

5 

JanoAry.ldOS... 

314 

12 

Febrauy,  1906. 

2-81 

9 

One  of  the  special  questions  I  wanted  to  decide  in  my  recont 
experiments  was  to  ascertain,  to  what  extent  reeds  and  hughes  were 
sheltered  by  others  standing  in  front  of  them.  For  this  purpose  I 
bad  placed  one  gauge  in  the  open  as  before,  one  in  the  midst  of  a 
thicket  of  bushes  5  feet  high,  and  one  in  the  centre  of  a  field  of  high 
leeds,  the  upper  snrfaee  of  whieh  wis  level  with  the  top  of  the  frame 
of  the  gauge.  The  gauges  near  liaolear's  Beaoon  weie  lead  weekly, 
and  another  one  at  a  lower  elevatioa,  vis.,  in  front  of  the  oaretaker^s 
house  at*  the  Woodhead  reservoir,  daily,  by  Ifr.  Thonen,  who  took 
great  interest  in  the  work.  The  following  table  gives  his  observa* 
tions  for  one  month  of  eaoh  year,  the  other  months  beiog  praotioally 
of  the  flame  nature. 

We  foond  that  there  was  a  oonsiderable  soreening  eflbot  ezeroised 
by  the  outer  tows  of  bashes  and  reeds,  espeoially  during  short 
periods  of  ekmds,  but  that  the  quantity  whioh  did  reach  the  shel- 
tered  gauges  daring  longer  periods  of  south-east  olouds  was  far  in 
esoess  of  the  total  of  the  rainfall  for  the  summer  months.  On  an 
average  the  gauge  in  the  interior  of  the  thicket  of  bushes  oaptnied 
about  one-third  of  that  in  the  open,  while  the  gauge  which  was  prac- 
tically hidden  in  the  reeds  collected  from  one-fourth  to  one-eighth 
of  the  amount  recorded  by  the  gauge  in  the  open. 

In  connection  therewith  I  may  state,  that  I  have  checked  these 
figures  on  several  occasions  by  ascertaining  the  yield  of  the  f^auf^es 
during  periods  of  one  or  two  hours  only.  Sometimes  even  the  gauge 
in  the  open  captured  practically  nothing  from  the  passing  mist,  while 
on  other  days  one  could  watch  the  water  dropping  in. 
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Haw  liAdeMr'i 
Bauon. 

WooOmAI 

Att.MB6. 

Alt  3,S00. 
Jftoaary,  1901. 

rvrauT.iaM. 

JwMwytliQBw 

Date. 

1 

■ 

COS 

Bag 

r 

i 

a 

I 

s« 

o 

Wind  kbA  WdMbar. 

1 

|l 

o 

1 
S 
3 
4 
5 
6 
7 
8 
9 
10 
11 
18 
IS 
14 
15 
16 
17 
18 
10 

.  m 
fli 
a 
m 
u 

K 

.« 
•r 

» 
» 
n 

0-61 
O-M 

0^ 
(h8 

4-75 
4*40 

8-10 

fU 

0-85 

0-83 
0-04 

0-TO 
0-27 
Oil 
0-07 

0-01 

otiy 

a-37 

0-  12 
(h» 

1-  HO 
305 
1  25 
0-22 

0-ia 

1  'i>j 

(Hn 

•2- 17 
0-45 

015 

1 

W .  fine 

Rain  during  ni|^lt 

N  AV  ,  cloudy 

8.E  ,  misty 

8  E.,  Hlight  miat 

8.E.,  Rtrung 

H  K  ,  Ktrong 

H  K  ,  Htroiig 

N  AV  ,  rain  during  night 
N  AV  ,  rain  during  night 
N  AV  ,  rain  during  night 
MiHty,  cloudy 
S-E  ,  misty 
B  E.,  misty 

O-Ci.)  UlAafejr  MAU  UAUUUJf 

S.E..  strong 
S  E ,  light 
N .  light 
S  E .  misty 

S  K  ,  misty  and  cloudy 
H  E.,  misty  and  cloudy 
Pine 

N.W.,  fine 
8.W.,  fine 

8  W..  fine  rnlobt 
NAV  .  light  raia  dniDg 
N.W'.,  cloudy 
N,  ligblaadeloadr 

8E, 
S  K 
8.E. 

0-45 
0-10 
0-44 

0-21 

0-06 

0t)l 

0-21 

I'M 

(his 

9M 

6- 15 

0-  82 

1-  HO 
0-H3 

0*31 
(hlO 
0-»7 

0-  13 
(MO 

1-  41 
0*1  S 
9r03 
1-36 
0^ 

i 

Btroug  8.E.,  mirty 
Fine.  8  E. 
Fine.  NAV 

LiKiit  s  K  .  ulfl dviac nWkt 

Light  S  K 

N.W  ,  in  inly,  cloudy  [night 

N  AV ,    uiistv.    ram  during 
!  N  AV  .  misty,' light  hh.nvrr- 

N. misty  .cloudy, liglil  Nhowem 

N.,  misty,  light  showerK 
[  N.,  light,  fino         [ing  ni^t 

N  .  light,  misty,  and  &B.  mn- 

8.E.,  misty,  cloudy 

8  E.,  misty,  doodj 

8.E..  fine 

H  E ,  fine 

\V  .  light,  flno 

N.W.,  moderate 

8  E..  fine 

S  K  ,  flno 

S  E  ,  tlno.  iiii^tv  during  nj^M 

S  I'.  .  IiiiHty  during  night 

B  K  .  iniHty .  clO}ldr,wli|^nlB 

B  K  ,  cloudv 

H  E  ,  niistyi  cloudy 

S  K  ,  Hliglit  mist 

B.E  ,  line  'nicht 

B  E.,  misty,  slight  rain  during 

8  E.,  fine 

B.B.,  fine 

48-42 

1-83 

1»78 

1-45 

1686 

II  had  been  my  iotention  to  indlade  all  these  figures  in  this  paper, 
when  a  period  of  south-east  clouds  of  nnnsiial  dmation  and  Yehe- 
menoe  rendered  tiiis  quite  anneoessary.  Yon  will  no  doaht  remember 
that  at  the  end  of  Febmary  and  the  beginning  of  this  month  a  violent 
South-east  storm  raged  throughout  South  Africa  for  nearly  a  week. 
There  were  abundant  rains  in  all  the  eastern,  southern,  and  central 
parts  of  the  Colony,  as  is  usual  during  such  a  severe  S.E.  wind,  but 
no  rain  of  any  significance  fell  during  that  time  on  the  Peninsula  or 
in  its  neighbourhood.  The  gaugss  had  been  read  on  Saturday,  the 
'25th  of  February,  and,  noticing  some  signs  of  a  change  of  weather 
on  Friday,  the  3rd  of  March,  I  went  up  that  afternoon  to  road  them 
again,  althouf^h  the  storm  was  still  raf,'in^  with  unabated  vigour. 

I  am  almost  afraid  of  stating  what  I  found  in  the  gauge  standing 
in  the  open,  for  it  was  equal  to  21*2  inches  of  rainfall.    We  may, 
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hofvmr,  leave  tfaiB  figure  out  of  aoeomrt  altogether,  for  the  gauge 
wbleh  was  pnetUsaUy  hidden  in  the  nedsy  just  as  if  it  were  stoding 
in  the  midst  of  a  Inxiiziant  oomfield,  showed  6*1  inohes  of  moisture, 
and  that  for  a  period  of  six  days,  during  whieh  the  ordinary  rain- 
gauge  at  Madlear's  Beaoon  reooided  0*15  inohes  of  lain.  I  think  it 
will  be  admitted  that  there  are  no  other  figures  wanted.  Asa  matter 
of  faot,  for  any  one  who  visited  the  moontain  on  that  day  ot  soon 
afterwaids  no  figmms  were  neoessaiy  at  aQ  to  oonvinoe  him  of  the 
enonnoos  qnanttty  of  water  whiidi  this  south-easter  had  left  on  the 
moimtain. 

The  upper  platean  was  practically  a  swamp  from  one  end  to  the 

other;  everywhere  one  met  with  pools  of  water;  the  little  lake  on 
the  top  had  double  the  si;^o  and  depth  it  usually  possesses  at  the  end 
of  the  summer,  and  the  few  late  blooms  of  the  Qors^eonsDiaatmifiora, 
which  I  found  in  the  fir-tree  valley,  were  partly  submerged  <m  the 
borders  of  the  swollen  stream.  And  there  had  been  no  rain  worth 
mentioDing  for  23  days. 

As  stated  in  my  previous  paper,  I  do  not  look  upon  these  figures 
as  heing  equivalent  to  records  of  rainfall  as  far  as  the  general  water 
supply  of  the  streams  is  concerned,  for  during  rain  a  great  deal  of 
water  runs  off  from  the  bare  rocks  and  reaches  the  streams  imme- 
diately, while  this  moisture  is  captured  only  where  sufficient  vegetation 
exists,  which,  on  the  other  hand,  retains  a  large  proportion  of  it  in  the 
spongy  root  work.  Yet  ohsei*vations  and  gaugings  made  at  some  of 
our  larger  mountain  streams  have;  shown,  that  a  considerable  rise  of 
the  rivers  may  bo  effected  by  a  long-continued  south-east  wind, 
although  no  rain  had  fallen  in  the  catchment  area. 

There  can  be  no  question  that  the  vegetation  of  our  mountains  is 
a  very  important  factor  in  the  regulation  of  the  water  supply  of  the 
springs  and  streams,  and  that  this  influence  is  exerted  in  two  ways. 
Firstly,  by  capturing  a  not  inoonsidsrable  amount  of  mdsture  from  the 
south-east  idouds,  whieh  would  esoape  if  the  mountains  were  locmed 
by  bare  rooks  only ;  and,  secondly,  by  protecting  the  water  which  has 
aooumulatedin  the  sofl  and  the  rocks  against  the  sun  and  consequent 
zaj^d  evaporation.  With  regard  to  the  loss  due  to  evaporation  I  may 
be  aUowed  to  mention  the  ezperienoe  of  the  Gape  OrcAuvd  Company 
at  Hex  Biver. 

Ifo.  Dioey  has  kindly  informed  me,  that  the  mountain  stream, 
which  the  Gompany  uses  for  driving  their  Pelton  wheel*  gives  them 
in  summer  GO  horse-power,  but  that  on  bri^t  days  the  quantity  of 
water  in  the  stream  generally  deereoaos  so  much  that  about  2  p.m. 
they  cannot  obtain  more  than  55  or  54  horse-power.  Towards  even- 
ing it  rises  again  and  regains  its  full  force  by  11  p.m. 
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A  mooh  more  drastic  illnsftntion  ol  Hie  piotoethre  inflnenoe  of  the 
vegetation  "wbm  given,  however,  last  year,  when  on  the  13th  and  14th 
of  December  a  mountain  fixe  destroyed  the  grass  and  bushes  in  the 
kloof  from  which  their  supply  is  drawn,  end  when  three  days  later 
the  stream  had  dwindled  doim  to  sneh  en  extent,  that  it  ooold  not 
produce  more  than  20  horse-power. 

Even  if  one  should  not  sufficiently  realise  the  moisture-catching 
effect  of  the  ve^'ctation,  its  protective  function  and  preserving  influ- 
ence on  the  water  supply  of  tlio  mountains  cannot  be  over-estimated, 
and  I  trust  that  the  authoritie^s  as  well  as  private  owners  may 
recognise,  more  readily  than  is  being  done  at  present,  the  import- 
ance of  preserving  and  even  nursing  the  plant  covering  of  our 
mountains. 

BlOOBO  OF  SOUTH-EabT  OIiOUDB  OM  THB  ZWABTBBBBOm,  AB 
BUH  FBOM  THH  YUtLAQM  Of  BbIHOI  ACBBBT. 

By  Jomi  H.  Wbarb. 
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In  order  to  show  over  what  a  large  portion  of  South  Africa  the 
influence  of  the  south-east  clouds  asserts  itself,  1  give  a  list  of 
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obeecntioDi  on  their  oooorranoe  oa  the  Zwirtebeiigen,  kindly  made 
al  my  leqnaBl  by  the  Bev.  J.  Whaite  at  Frinoe  Albert  during  the 
annuner  of  1904.  This  list  will  show  how  nnmerona  theobndydayB 
are  <m.  ihoae  monntaiiis,  and  of  what  importance  these  clouds  must 
be  to  the  water  soppiy  of  the  streams  rising  in  these  and  other 
ranges  of  Sonth-Westem  Africa. 

It  is  interesting  to  see  that  a  view  quite  similar  to  that  whieh 
I  hold  oonoeming  the  important  fiinetion  of  the  vegetation  on  onr 
mountains  in  conneotion  with  the  water  supply  of  tlic  sprin^^s  has  been 
expressed  by  such  an  eminent  authority  as  Professor  Cleveland  Abbe, 
of  the  Weather  Bureau  of  the  United  Stjites  Department  of  Agricul- 
ture, with  regard  to  the  Island  of  Ascension.  The  principal  water 
supply  of  the  Naval  Station  on  the  island  comes  from  the  summit  of 
Green  Mountain,  which  is  several  miles  away.  The  upper  portion 
of  the  mountain  is  covered  with  ve^^etation,  and  nearly  all  the  water 
on  the  summit  comes  from  slight  showers  and  the  steady  dripping 
from  trees  which  are  enveloped  in  the  clouds.  These  trees  simply 
mechanically  collect  the  water-drops  which  are  produced  from  the 
condensation  of  the  water  vapour  in  the  ascending  cooling  air. 

In  conclusion,  I  wish  to  point  out  once  more,  that  I  do  not  consider 
the  measurements  given  in  these  communications  to  represent  real 
lainfaU.  In  my  previous  paper  a  quantity  of  75  inches  was  men- 
tioned lor  a  oertaui  period,  and  the  IMble  on  page  108  of  this  paper 
shows  a  reoord  of  48  inehes  for  one  month.  Even  if  we  discard 
90  per  cent,  of  these  quantities,  the  remaining  one-tenth  is  stQl  so 
largely  in  eicess  of  the  lainbll  reoorded  in  the  ordinary  gauge,  that 
I  think  even  the  most  sceptical  critic  will  recognise,  that  this  qnan- 
tity  of  water,  gathered  dnring  the  dry  season  of  the  year,  must 
eaaroise  a  consideiable  mflnence  on  the  Tegetation  of  the  moon- 
tains,  as  well  as  on  the  springs. 
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ON  THE  DISCOVERY  OF  A  LARGE  NUMBER  OF  IMPLE- 
MENTS  OF  PALEOLITHIC  TYPE  AT  VERBBNIGING, 
TBANSYAAL. 

By  J.  P.  JOHRBOIt. 

(Bead  Marah  99,  1906.) 
(PUkto  n.) 

The  important  discoveiy  of  stone  implements  which  forms  the 
subject  of  this  paper  was  made  towards  the  middle  of  last  year  by 
my  friend,  Mr.  T.  N.  Leslie,  of  Vereeniging,  who  is  already  well 
known  to  the  members  of  this  Society  on  account  of  his  contri- 
butioQS  to  our  knowledge  of  the  fossil  flora  of  South  Africa, 
and  who  has  very  kindly  placed  his  material  at  my  disposal  for 
description. 

The  implaiiients,  of  whioh  there  are  over  fifty  finiahed  examplea, 
are  ol  Palndithio  types  and,  being  asaooiated,  oonatitate  a  Talnable 
additbn  to  our  data  leapeoting  the  development  oi  that  stage  ol 
etdtnre  in  Soath  Afrioa. 

.  Shortly  after  the  find  I  went  over  the  site  with  Mr.  Leslie  and 
was  myself  fortanate  enoogh  to  obtain  serecal  speoimens,  ineluding 
two  ezoeptionaUy  fine  ones.  Sinoe  then  I  have  paid  two  or  three 

farther  visits  to  the  neighbourhood. 

The  Vaal  in  that  part  has  out  a  channel  deep  into  the  solid  rook, 
and  on  top  of  the  cliff  thus  formed  and  extending,  to  my  knowledge, 
some  distance  east  and  west  of  the  town,  is  an  old  river  terrace 
oonsisting  of  gravel  and  small  boulders  embedded  in  and  overlaid  by 
loam.  There  is  a  small  pit  in  it,  east  of  the  town,  where  flakes  occur 
in  great  profusion,  and  nearly  every  pebble  (which  are  all  of  quartzite) 
has  been  chipped.  Thoy  appear  to  be  largely  the  result  of  unsuc- 
cessful attempts  at  manufacturing  implements.  No  finished 
implements  have  been  found  in  this  pit. 

^Ir.  Leslie's  find  is  some  distance  west  of  the  town,  where  long 
stretches  of  the  terrace  liave  been  furrowed  and  spread  out  by  the 
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nuD.  Thm,  for  many  hnndxeds  of  Istl,  unfa^iihflcl  implflmenta 
ooeor  in  the  greatest  abimdanoe,  the  flakes  produoed  in  their  manii- 
faottue  1^  the  thousand,  while  hers  and  there  completed  spemnMW 
weie  met  with.  The  quartzite  seems  to  have  been  of  too  oosne  a 
grain,  as  a  rule,  for  suitable  working,  as  nearly  all  the  failures  and 
▼ety  few  finished  implements  are  in  this  material,  the  majority  of 
the  good  specimens  being  of  greenstone.  One  or  two  nnfinishftd 
examples  of  chert  were  also  found. 

It  is  quite  clear  that  theso  implements  must  have  been  made  verj' 
close  to  where  they  are  now  found.  Very  probably  the  gravel  is 
the  sweepings  of  an  adjacent  land  surface  where  the  implements 
were  manufactured  on  a  large  scale.  Many  of  them  are  as  sharp 
and  fresh  as  on  the  day  they  were  *  made,  while  obliteration  of 
the  sharpness  of  the  facets  in  others  is  more  often  due  to  weathering 
than  wear. 

Although  the  Palaeolithic  facies  of  these  implements  is  unmistak- 
able, a  ditTerence  in  detail  is  noticeable  when  they  are  compared  with 
the  typical  forms. 

Th»  distinothre  implements  fomad  in  the  Talley-drifts  of  Hbm 

Thames  Basin  in  Britain,  whioh  may  be  taken  as  typical  of  tlie 
Palasolithio  stage  of  oaltore,  aie  diyisible  into  two  groups— namely, 
tongne-shaped  and  disenidal. 

The  toogne-sbsped  implements,  whioh  oonstitote  the  majority,  are, 
as  their  name  implies,  shaped  like  a  tongue,  being  as  mriafale  in 
foim  as  that  otgan.  They  are  ehipped  oonqpletely  out  of  stone 
(flint),  the  chipping  being  done  in  snob  a  way  as  to  leave  a  sliaip 
edge  along  the  greater  part  of  the  periphery.  They  are  sometimes 
chipped  into  delioate,  tapering  points,  and  sometimes  into  thin  flail 
blades,  but  more  generally  into  a  form  midway  between  the  two. 
The  edge  seldom  passes  round  the  thick  end,  or  butt,  ol  tbe 
implement. 

The  discoidal  implements  have  an  oval  periphery  with  the  edge 

continued  all  the  way  round. 

Examples  of  both  extremes  of  the  typical  tongue-shaped  imple- 
ments are  to  be  noted  among  the  Vereeniging  specimens.  The 
great  majority,  however,  are  of  the  same  general  shape  as  the 
average  tongue-shaped  implement,  but  differ  in  that  the  edge  is 
continued  right  round  the  butt.  They  are  thus  intermediate  between 
the  typical  tongue-shaped  and  discoidal  implements,  some  approacli- 
ing  the  last  mentioned  very  closely,  though  none  quite.  They  might 
be  correctly  described  as  almond-shaped. 

Associated  with  these  are  a  number  of  implements  which,  though 
poBse&^ng  the  ciiaracturisUc  Palieolibhiu  btyle  and  quality  of  work' 
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mftothip,  ace  of  quite  a  diffiBront  type  to  any  that  have  been  ioond  in 
the  Thames  BeafaL  They  bear  tome  leoemblanoe  in  their  shape  to 
the  well-kDown  Neolithio  aze-heads,  bnt  the  ohisel-like  edge  has 
been  piodiioed  by  the  removal  of  two  large  flakes  instesd  of  by 
grinding.  I  am  inclined  to  think  that  they  ace  focenmnecs  ot  the 
Neolithio  axe-heads,  and  that  they  were  employed  for  the  same 
purposes.  Fig.  I.  illustrates  a  specimen  in  Mr.  Leslie's  ooUeotion. 
It  is,  perhaps,  not  a  very  favourable  example  to  bring  forward  in 
support  of  my  view,  on  account  of  the  peculiar  inclination  of  the 
chiscl-edfre  to  the  lonfjitudinal  axis.  This  feature,  however,  is  often 
met  with  in  the  NeoHthic  axe-heads,  it  being  even  more  marked,  for 
instance,  in  some  specimens  in  my  collection  from  the  Crold  Coast. 
In  most  of  the  Vereeniging  implements,  however,  the  chisel-edge  is 
in  its  normal  position,  namely,  at  right  angles  to  the  long  axis.  An 
example  found  by  myself  is  so  neatly  and  symmetrically  shaped 
that  but  for  the  evidence  of  the  others  it  would  certainly  have  been 
taken  for  a  Neolithic  axe-head,  the  fact  that  the  chisel-edge  was 
obtained  by  chipping  instead  of  by  grinding  being  obscured  by  the 
slight  amount  of  weathering  it  had  ondergone. 

Mr.  Leslie's  specimens  also  ioclade  one  or  two  examples  of  the 
well-known  group,  consisting  of  a  big  flake  worirad  on  one  side  only. 
These  particular  examples  have  the  appearance  of  large  massive 
serapers,  hot  it  is  more  probable  that  they  weie  need  as  ohoppera. 

Thiee  implemento  of  speoial  intecest  are  shown  in  Hgs.  XL,  ni.» 
and  IV.  That  repieeented  by  Fig.  IL  is  a  rough  implement  of 
nrsgnlar  outline  and  primitive  form.  It  would  pass  as  an  example 
of  man's  first  attempt  to  manufaotnce  an  implement  of  that  class. 

The  two  iniplements  roprosontod  by  Figs.  IH.  and  IV.  ace 
umqne.  The  fonner  side  and  edge  views  of  a  long  kni£s-like  variety 
of  tiie  tongu^shaped  type,  noteworthy  for  ito  fine  workmanship. 
The  latter  represents  an  implement  which  is  peculiar  in  being  pointed 
at  both  ends.  Both  ace  locenmners  of  the  well-known  Neolithio 
forms* 
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SOME  NOTES  REGARDING  SOUTH  AEMCAN 
PHARMACOLOGY. 

Bt  C.  F.  Jubtcz,  M.A, 

(Bead  AprU  26, 1905.) 

We  live  in  a  oonntry  of  magnificent  possibilitieB— agricQllwal, 
industrial,  edooatioaal,  oommeroial ;  the  inhabitant  of  this  land  who 
jooxneys  through  life  with  open  eyes  is  bound  to  beoome  cognisant 
of  such,  and  of  many  besides,  no  matter  whether  he  be  engaged  in 
the  study  of  literature,  the  pursuit  of  art,  or  the  application  of 
seience.  Possibilities  many — potential  sources  of  wealth  or  of 
utility — but  unworked  mines, — ^unworked,  because  in  some  cases  we 
do  not  know  how  to  work  them,  in  others  because  we  are  sceptical 
regfkrding  the  advantages  they  are  likely  to  yield ;  into  some  we  are 
not  bold  enough  to  ventare  for  fear  of  the  risks  and  perils  we  may 
encounter;  others  again  there  are  where  operations,  once  begun, 
are  at  a  standstill  because  the  means  are  exhausted,  the  energies 
have  flagg^,  or  the  labour  spectre  bars  the  way — we  simply  have 
not  the  men  to  work  them.  It  is  to  a  mine  of  the  last-mentioned 
class  that  I  propose  to  direct  attention. 

"There  can  bo  no  doubt  amongst  reasonable  men  that,  judging 
from  tiie  vast  extent  of  the  South  African  territory,  and  from  the 
richness  of  its  almost  inexhaustible  Flora,  many  higliiy  useful  drugs 
will  still  be  discovered.  However,  the  greater  part  of  our  informa 
tion  on  this  point  we  owe,  not  so  much  to  scienldic  research  as  to 
the  experience  of  the  colonial  farmer  residing  in  the  more  remote 
parts  of  the  interior,  to  occasional  travellers  or  to  the  wandering 
native." 

Nearly  half  a  century  ago  Pappe  wrote  these  words.  They  are 
absolutely  true  to-day :  the  many  drugs  still  await  discoveiy,  scientific 
research  there  has  been  next  to  none,  while  those  who,  like  Andrew 
Smith,  have  during  the  interim  compiled  manuals  of  South  African 
Materia  Medica,  have  derived  their  information  not  from  the 
scientist,  but  have  perforce  found  themselves  relegated  to  the 
&nner,  the  traveller,  and  the  native.  Thera  has  been  scarcely  any 
progress  during  these  fifty  years. 

8 


Digitized  by  Google 


112    Trafuactiont  of  the  South  African  PhUosophical  Soeieiy. 


In  a  reBtricted  sense  the  word  phannaoology  U  often  need  as 
denoting  scientific  investigation  with  legard  to  the  remedies 

mentioned  in  the  pharmacopoeias,  and  especially  in  connection 
with  the  needs  of  medical  practice.  The  term  has,  however, 
much  wider  meaning,  under  which  the  scope  of  the  investigation  is 
enlarftod  so  as  to  comprise  all  chemical  principles  capable  of  acting 
benoticially  or  otherwise  upon  the  human  system.  During  the 
course  of  such  investigations  questions  nre  frequently  presented  for 
settleuient  which,  though  not  falling  directly  within  the  sphere  of 
medical  practice,  are  yet  of  groat  value  in  loadiuf^  us  to  understand 
the  nature  of  certain  materials  which  the  physician  either  already 
employs  in  his  practice  or  would  so  employ  if  the  potentialities  of 
such  an  agent  were  more  clearly  grasped. 

*'Fire  and  water  "—so  runs  the  old  proverb — "are  good  servants, 
but  bad  masters."  One  scarcely  needs  to  be  a  physician  or  a 
chemist  in  order  to  realise  tiiat  a  very  similar  apliorism  may  be 
applied  to  many  of  the  remedial  agents  employed  in  medical 
praetiee  at  the  present  day.  An  ounce  may  cause  speedy  death, 
hat  a  few  grains  may  save  life,  or,  to  come  within  still  narrower 
limits,  we  know  that  of  the  powerful  alkaloids  a  single  grain  would 
hring  about  a  fatal  result,  whereas  the  twentieth  part  of  a  grain  may 
restore  oiroulation  where  the  heart  has  all  but  ceased  to  beat.  We 
may  even  proceed  further,  and,  under  special  conditions,  avert  a 
fatal  issue  by  using  that  which,  in  ordinary  ciroumstanoes,  would 
act  as  a  poison.  To  exemplify :  Atropine,  as  we  know,  produces  an 
effect  which  shows  itself  in  the  dilation  of  the  pupil  of  the  eye : 
physostigmine  has  the  opposite  effect — ^it  causes  the  pupil  to  contract. 
Each  of  these  would,  in  this  respect,  act  as  the  antidote  of  the 
other,  and  so  restore  equilibrium.  But  equilibrium  may  be  distur]>ed 
by  other  means  than  the  ingestion  of  a  poison,  and  if  the  physician 
is  aware  of  some  principle,  ordinarily  coosidered  poisonous,  but 
whose  poisonous  action  tends  in  a  direction  diametrically  opposite  to 
that  of  the  disturbing  cause,  then  judicious  administration  of  what 
would  otherwise  be  a  poison  may  restore  health.  Take  a  simple 
case  in  illustration  :  Digilalin  increases  the  force  of  the  heart's 
contraction,  and  contracts  the  muscles  so  powerfully,  when  taken  in 
large  doses,  that  the  heart  may  remain  contracted,  causing  death. 
Now  when,  in  certain  forms  of  heart  disease,  tliat  organ  becomes 
enfeebled,  and  fails  to  contract  regularly  with  sutTiciein  jxnver  to 
project  the  blood  thi'ough  the  art(^ries,  the  administration  of  small 
doses  of  (iigitalin,  by  causing  a  more  powerful  coniiactiou  of  the 
muscles  of  the  heart,  may  restore  a  failing  circulatiuu. 

It  is  obvious  that  if  we  know  wherein  the  acliou  of  a  poison 
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oonaists,  we  may,  by  jndioioosly  employmg  that  pouon  at  the  nghi 
joDotnie,  ooanteraet  opposing  forces  whioh  are  threaiexung  tedeetro} 
life.  We  may,  however,  have  the  remedy  for  the  disease  at  our  very 
door,  and,  through  want  of  knowledge,  fail  to  apply  it.  Henoe  the 
need  of  the  soientiiio  research  to  whioh  Dr.  Fappe  alluded  fifty  years 
ago.  We  can  SMroely  take  up  a  periodical  hearing  on  medical 
acienoe  without  coming  across  records  of  investigations  in  regard  to 
new  drags  ;  some  of  these  investigations  are  physiologioai»  searching 
ont  information  respecting  the  action  of  the  drug  on  living  animaU 
or  human  l»eings  ;  others  are  chemical,  ami  aim  at  discovering  the 
inherent  nature  of  the  active  principle  itself  and  its  relation  to 
oilier  known  snltsiances.  That  there  is  an  immense  Held  f(tr 
reseuicli  in  connection  with  the  poisonous,  and  possihly  medicinal 
plants  in(li^(Mions  to  this  suh-contineiit  must  he  patent  to  every  one 
who  has  even  t(»uclied  the  fringe  of  the  subject  ;  hut  while  there  is 
this  wealth  of  information  ready  to  be  worked,  it  lies  latent  for  want 
of  workers. 

An  entire  century  has  passed  since  its  present  possessors  entered 
upon  occupation  of  this  land,  and,  to  our  discredit  be  it  said,  the 
aboriginal  native  to^y  still  knows  more  about  the  value  of  some  of 
our  indigenous  medicinal  plants  than  we  do,  and  all  the  appreciation 
that  we  show  is  to  clap  him  into  prison  if ,  in  his  excess  of  seal, 
untempered  by  the  culture  which  we  possess  but  decline  to  use,  he 
givee  his  patient  too  large  a  dose,  and  so  kills  where  he  intended  to 
eore.  In  other  colonies  it  has  not  been  the  habit  to  pause  so  that 
the  sons  of  Ham  may  lead  the  way  of  knowledge.  Had  the 
Spaniards  acted  upon  this  principle,  that  valuable  drag  quinine 
would  have  been  unknown  as  one  of  our  most  important  febrifuges* 
There  is  no  evidence  that  the  Indians  knew  the  value  of  Peruvian 
bark  before  the  Spaniards  colonised  their  country.  It  was  left  for 
the  colonists  to  exploit  it.  With  us  the  nati\  •  scientist — ^pardon  the 
terml — has  led  the  van,  and,  notwithstanding  the  wilderness  cry  of 
Pappe,  and  its  later  echo  by  Andrew  Smith,  we  have  not  yet  con- 
sidered the  trail  worth  following  up.  For  over  fifteen  years  there  has 
been  a  Government  Analytical  Laboratory  in  existence,  but  even  that 
institution  has  not  had  the  opportunity  of  advancing  the  subject 
nmch  further,  for  the  investij^ations  of  the  Government  analysts 
have  been  limited  to  attempts  to  identify  the  drugs  when  the  over- 
zealous  Katlir  doctor  has  been  indicted  for  culpable  homicide.  It  is 
not  from  that  point  that  the  matter  should  he  approached  ;  it  is 
not  consonant  with  the  dignity  of  a  scientilic  investigation  of  so 
important  a  nature  that  it  should  he  grudged  the  expenditure  of  any 
time  and  labour  other  than  that  casually  bestowed  upon  it  as  the 
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mere  aide^saiie  in  the  eriminal  proseeution  of  a  Ekffir  or  Hottentol 
The  plant  drugs  and  poisons  of  a  oonntiy  so  richly  endowed  with 
them  are  of  quite  sufficient  importance  jwr  m  to  warrant  their  being 
made  the  subject  of  special  research  under  the  auspices  of  the  State. 
As  yet  neither  State  nor  Uniyersity  nor  College  has  bestowed  any 
attention  whatever  on  this  hramih  of  science,  nor  have  we  amongst 
our  local  scientiste  men  of  pecuniary  resource  sufficient  to  enable 
them  unendowed  to  undertake  so  laborious  and  costly  a  study,  for 
hope  of  return  there  can  be  none.  At  the  same  time  it  must  be 
admitted  that  a  few  diligent  investigators  have,  v>iih  the  limited 
means  at  their  command,  accumulated,  as  far  as  isolated  individuals 
can  under  the  circumstances,  a  fair  store  of  valuable  information. 
With  special  reference  to  the  subject  under  consideration,  these 
investigators  may  be  told  off  upon  the  lingers  of  one  hand  :  in  fact, 
to  take  the  matter  of  chemical  research  generally,  altliou«;h  we 
pride  ourselves  upon  our  advanced  civilisation,  if  \vc  consider  what 
has  long  been  done,  and  is  indeed  at  this  very  moment  heinjj  accom- 
plished in  this  direction  in  Japan — a  country  in  the  ihnn  s  of  a 
terrible  war — by  the  Japanese,  whom  Wf  luivf  h^en  too  apt  to  regard 
as  entirely  beneath  us  in  intellect  and  cukuif,  we  shall  be  bt)und  to 
admit  (lid  Wf  but  realise  the  facts  sutliciently — tliat  as  regards 
chemical  leseaich  South  Africa  occupies  a  very  backward  position 
amongst  the  countries  of  the  world. 

Dr.  Pappe's  "  pst  of  South  Abican  Indigenous  Plants  used  as 
Bemedies  by  the  Oolonists  of  the  Gape  of  Good  Hope,"  published  hi 
1S47,  was  perhaps  the  first  attempt  to  deal  with  the  subject  of 
pharmacology  in  this  connection;  and  yet  the  pamphlet-'for  it 
comprised  only  fourteen  pages  at  its  first  appearance — dealt  with  the 
matter  almost  wholly  from  the  botanical  standpoint,  the  medical 
aspect  being  quite  subsidiary,  while  the  chemical  nature  of  the  druga 
enumerated  is  alluded  to  only  in  the  most  casual  way,  and  even  that 
but  occasionally  and  in  the  vaguest  of  terms. 

Some  thirty  years  later  Cape  Aloes  and  Bndhu  were  made  the 
subjects  of  special  monographs,  and  about  the  same  time  an  account 
was  published  by  Dr.  Grey  of  a  case  of  poisoning  in  the  Middelburg 
Division  by  the  agency  of  certain  bulbs.  None  of  these,  however, 
do  mmre  than  touch  on  the  chemistry  of  the  drugs  they  discuss,  and, 
where  they  do  other%vise,  as  frequently  as  not  the  writers  fall  into 
error.  Thus  Grey  refers  to  the  ornithogalum  poison  as  if  it  were 
strychnine,  or,  at  all  events,  a  close  connection  of  that  alkaloid; 
whereas  the  active  principle  is,  in  all  probability,  a  glucoside,  seeing 
that  it  is  destroyed  by  boihng. 

Smith,  in  his  "  South  African  Materia  Medica,"  approaches  nearer 
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to  what  may  be  called  the  pharmacolog}'  of  our  flora  than  any  strictly 
botanical  writer,  and  in  this  respect  the  enlarged  third  edition  of  that 
little  work,  published  in  lB9d,  is  ft  diatincfc  step  in  advance  of  any 
previou-^  pulilicution. 

Not  even  Smith,  however,  allhouf^'h  he  dealt  more  extensively  than 
any  previous  writer  with  the  physiological  effects  of  many  native 
herbs,  can  be  considered  as  contributing  much  to  the  knowledge  we 
possess  regarding  the  nature  of  the  drugs  themselves.  He  hazards, 
it  is  true,  a  few  guesses,  notably  in  the  earlier  ediiiuus,  but  without 
the  authority  of  direct  chemical  confirmation,  it  is  uoi  unusual  for 
such  hypotheses  to  turn  out  as  erroneous  as  Grey's  identiftnatioo  of 
the  omiUiogaliim  poison  with  stryohnine.  A  very  similar  misteka  to 
this  is  the  sweeping  statement  made  in  the  earlier  editions  of 
Smith's  "  Materia  Medica  "  to  the  efbot  that  Aeocanthera  venenata 
oontains  the  alkaloid  bruoine.  This  error  has  been  rectified  in  the 
last  edition. 

As  a  matter  of  fact  I  know  of  only  one  paUished  paper  that  can 
<skim  to  be  at  all  indioatiTe  of  the  course  that  experimenters  in 
ibis  direction  shonld  adopt,  namely,  Mr.  Isaac  Meiring's  "  Notes  on 
Some  Bzperiments  with  the  Active  Principle  of  McsembriaMihemum 

tortuosum,  L.,"  read  before  a  meeting  of  this  Society  in  September, 
1896,  and  published  in  Volume  9  of  the  Society's  Transact {o}t<^. 
Mr.  Meiring  was  successful  in  isolating  an  alkaloid,  which  he  tested 
by  means  of  several  well-recognised  chemical  reagents,  and  recorded 
the  results,  as  well  as  the  physiologioai  experiments  which  he 
performed,  in  his  paper. 

I  do  not  wish  to  assert  that  no  other  investigations  of  such  a 
nature  have  ever  been  made,  but,  if  they  have  been  performed,  they 
have  certaiidy  not  been  made  public,  if  I  except  the  few  disconnected 
notes  on  the  subject  which  have  from  time  to  time  appeared  in  the 
annual  reports  of  the  laboratory  under  my  charge. 

It  is  far  from  my  intention  to  claim  that  in  that  laboratory 
anything  at  all  approaching  to  an  adequate  research  into  the  nature 
of  any  new  or  unknown  diug  has  been  made.  I  have  already  stated 
the  reason  why  this  cannot  be :  unfortunately,  such  researches  need 
more  freedom  from  the  special  exigencies  of  the  moment  than  it  is 
asaal  to  find  in  our  Qovemment  laboratories.  I  only  desire  to  say  %■ 
few  words  about  what  has  aotnally  been  done — although  in  each 
ease  the  investigation,  I  dare  not  dignify  it  with  the  name  of 
research,  has  been  but  the  ftandmaid  to  the  criminal  prooednre 
of  the  law  courts— with  the  hope  that  my  remarks  may  act  as  an 
Incentive  to  provide  for  more  systematic  reeearohes,  and  for  en- 
larging their  soope,  so  that  they  may  indnde  the  study  of  the  active 
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principles  of  many  indigenous  plants,  which  are  at  present  most 
imperfectly  known,  and  in  the  trust  that  measores  may  be  adopted  ' 

for  testing  therapeutically  the  value  of  these  active  principles. 

The  nature  of  some  of  the  difficulties  attendant  upon  such  cursory 
investigations  as  have  been  made  may  be  gleaned  from  the  following 
description  of  what  usually  occurs.  For  some  ailment,  real  or 
iinaf^inary,  a  person  is  trealeii  hy  a  native  medicine-man,  is  possibly 
over-dosed  and  dies.  The  stomach,  or  its  contents,  is  forwaided  for 
analysis,  not  ahvays  accompanied  hy  some  jjorlion  of  the  plant  held 
respoiisihle  for  tlie  fatality.  Generally,  however,  it  is  accompanied 
by  a  fra<^ment  of  some  plant,  It  may  he  an  inch  or  two  of  root  or 
a  few  leaves.  It  is  most  unusual  to  receive  any  flowers  or  fruit, 
so  that  in  many  cases  tlie  plant  can  hardly,  if  at  all,  he  identified. 
As  often  as  not  it  is  a  matter  of  uncertainty  whether  the  accom- 
panying plani  ifl  really  of  the  same  species  or  order  as  that  taken 
by  tiie  deceased,  and  there  is  no  dtie  iiriiateyer  on  the  subject.  The 
first  step  in  the  aotoal  investigation  is  usually  that  of  ascertaining 
-whether  any  alkaloid  or  gluooside  is  eztractible  from  the  plant,  and 
if  so  whether  it  yields  any  charaoteristio  tests  whereby  it  may  be 
identified  on  a  future  oocasion.  Often  the  small  quantity  of  plant 
material  received  is  far  too  minute  to  extract  anything  satis&ctoiy 
from;  in  such  oases  request  is  mads  for  a  larger  quantity,  provided 
the  plant  can  be  identified.  Sometimes  this  cannot  be  done,  and 
so  one  channel  of  investigation  is  dosed.  On  other  occasions  a 
larger  supply  is  received  in  response  to  the  request ;  one  glanoe 
may  then  be  sufficient  to  reveal  the  &ct  that  it  is  obviously  from 
a  different  plant ;  or  it  may  be  accompanied  by  a  statement  to  the 
efbot  that  it  is  wholly  uncertain  whether  it  is  from  the  same  plant 
as  the  original  sample  which,  in  turn,  may  not  be  identical  with 
that  taken  by  the  deceased.  Now  and  then  it  has  happened  that 
the  links  of  the  chain  are  complete,  and  the  plant  extract.  n})on 
application  of  certain  tests,  has  responded  in  some  chanictrrisiic 
measure  ;  the  next  step  is  to  identify  the  contents  of  the  stomach, 
and  this  is  done  hy  application  of  the  same  tests  to  which  tlie  plant 
responded.  Sometimes  the  results  are  nejj;ative,  sometimes  positive ; 
but  negative  results  do  not  imply  that  the  plant  decoction  was  not 
partaken  of,  nor  do  positive  results  prove  that  it  caused  death, 
riiysiological  experiments  have  now  to  be  performed,  and  mice, 
rats,  guinea-pigs,  rahhits,  and  dogs  are  usually  experimi  hted  upon. 
All  these  experiments  have  to  be  carried  out  and  completed  within 
a  specified  time,  for  the  point  to  be  decided  is  the  purely  legal  one, 
whether  the  deoesaed  died  from  the  effects  of  a  poison  administered 
lyy  the  accused. 
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Que  of  the  first  cases  of  poisoning  with  an  indigenous  plant  to 
come  under  my  notice  ofticially  was  that  of  a  Kaffir  woman  at 
Port  St.  Jolm's,  who  died  after  jmrtaking  of  a  decoction  said  to 
have  been  made  from  'Trichilia  Drajct,  E.  Mayer,  Ixilonging  to  the 
Meliacece,  an  order  comprising  several  phmts  which  contain  dis- 
tinctly aclive  principles.    Tlie  hark  was  sui)jected  to  Drugendortfs 
method  of  treatment  for  the  extraction  and  isolation  of  possible 
poisonous  principles,  but,  with  the  exception  of  the  acidulated 
aqueous  solution  obtained  from  the  ethereal  extract,  which  yielded 
thin,  slender,  needle'Shaped  erystals  alter  the  evaporation  of  the 
ehloroform  wherewith  the  above  solution,  previoiuly  rendered 
alkaline,  had  been  shaken  up,  no  solvent  nsed  eztraeted  any  aetive 
principle,  tkoc  did  any  of  the  residues  yield  any  charaoteristio 
reactions  with  any  of  the  alkaloidal  reagents.    The  small  needle* 
shaped  crystals  referred  to  responded  to  only  one  distinct  alkaloidal 
test,  namely,  a  yellowish-white  amorphous  precipitate  with  phospho- 
molybdic  add.  When  forwarding  the  plant  materials,  the  local 
District  surgeon  stated  that  there  was  some  uncertainty  as  to 
whether  they  were  really  derived  from  the  same  plant  as  that 
from  which  the  decoction  that  had  produced  the  fatal  result  was 
prepared.   In  cases  such  as  this  contradictory  statements  are  very 
often  made  regarding  the  symptoms  said  to  have  been  witnessed 
at  the  time — statements  which  are  of  necessity  exceedingly  con- 
fusing to  the  scientific  investigator,  the  more  so  as  the  physiological 
action  said  to  have  been  observed  has  generally  to  be  accepted  upon 
the  hearsay  evidence  of  unskilled  persons. 

I  have  alluded  to  Mr.  Meiring's  communication  on  the  sul)j(>ct 
of  tlie  active  principle  contained  in  McHVMtitrianthemuiii  lortKo-suNi,  L. 
The  plant  is  known  locally  as  Hottentot's  Kouwgoed,  and  has  a 
boporitic  effect.  As  was  already  pointed  out  by  Pappe,  ''  the  natives 
are  in  the  habit  of  chewing  it,  .ukI  hecomi)  intoxicated.  Mr.  Meiring 
found  this  plant  to  contain  an  alkaloidal  principle,  and  although 
he  does  not  mention  any  characteristic  colour  reactions  by  which 
this  alkaloid  may  be  distinguished,  he  appears  to  have  proved  the 
alkaloidal  nature  of  the  substance  by  means  of  several  reagents 
usually  applied  in  such  cases.  I  do  not,  however,  find  any  mention 
of  the  &ct  that  this  plant  contains  an  essential  oil.  Now,  some 
years  ago  a  case  of  poisoning  which  occurred  near  Worcester  was 
submitted  for  investigation:  the  persons  affected,  two  children, 
came  home  stsggering,  and  suffering  from  irregular  spasms,  with 
great  drownness.  The  pulse  was  small  and  very  rapid,  the  pupil 
of  the  eye  dilated  and  insensible  except  to  severe  stimulation. 

*  Psppe, "  VUnm  Oapraais  MedieiB  Prodromos,"  2nd  ed.,  1857,  p.  17. 
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Apomorphme  hypodermioally  injeetod  was  used  soooemfully  as 
an  emetio.  Thiee  houra  after  this  traakment  both  showed  dirtmot 
signs  of  reooyery,  hat  they  still  jeiked  spasmodically.  Three  hours 
later  the  patients  were  doing  well.  Mustard  had  also  heen.  used 
as  an  emetic,  and  to  some  extent  its  presence  must  haye  masked 
the  reactions  of  any  other  active  principle  contained  in  the  ejected 
material  Contrary,  however,  to  Mr.  Meiring's  experience,  no 
definite  reactions  were  noticed  on  treating  the  different  residues 
with  the  well-known  alkaloidal  reagents:  on  the  other  hand,  a 
very  small  quantity  of  an  essential  oil,  having  a  very  characteristie 
peppermint  like  odour,  was  isolated.  Unfortunately  there  was  tat 
too  little  of  the  oil  to  enable  any  decisive  statement  to  be  made, 
but  there  was  nevertheless  a  striking  resemblance  between  it  and 
an  oil  which  apparently  exists  in  the  Mcsemhrianthrmum.  ATr. 
Meirin^,  by  injecting  his  alkaloid  into  frogs,  states  that  the  effect 
is  markedly  narcotic.  The  question  arises  whether  this  plant  does 
not  contain  two  active  principles,  the  physiological  effects  and 
chemical  reactions  of  which  ditTer. 

It  is  well  known  that  several  allied  poisonous  principles  frequently 
occur  toi,'<'ther  in  one  plant :  1  need  go  no  further  than  to  mention 
the  alkaloids  of  opium  as  instances  of  this,  but  the  simultaneous 
occurrence  of  alkaloids  and  essential  oils  of  this  nature,  and  of 
alkaloids  and  glucosides,  is  more  uncommon. 

This  brings  me  to  mcTition  a  plant  that  has  repeatedly  been 
brought  into  prominence  in  connection  with  investigations  into 
ohemico- legal  cases  in  the  Colony  :  I  allude  to  Acocanthera  wmenata, 
Don,  Harvey's  Toxicophlaa  Thunbirgii,  To  this  plant  1  shall  letam 
at  a  later  stage. 

Unfortunately  for  the  study  of  the  physiological  action  of  our 
indigenous  plant  poisons,  in  moti  of  the  cases  tiie  symptoms  noted 
must  receive  allowance  on  account  of  the  fact  that  the  persons 
to  whom  the  drugs  have  been  administered  were  in  a  bad  state  ol 
health.  To  take  one  instance :  a  EafBr  woman,  in  the  Olen  Grey 
district,  sged  between  00  and  60,  was  made  to  drink  the  powdered 
root  of  a  certain  plant  mixed  with  water.  The  mixture  produced 
an  immediate  emetic  efifoct  terminating  fatally.  Post-mortem 
examination  showed  that  the  deceased  had  suffored  horn  valvular 
heart  disease,  enlargement  of  the  liver,  and  general  constitutional 
derangement.  The  ejected  material  was  not  forwarded  for  analysis, 
and  the  stomach  itself,  having  been  practically  emptied,  afforded 
littie  information  as  to  the  nature  of  the  supposed  poison.  How- 
ever,  the  tests  applied  produced  the  same  reactions  both  in  the 
stomach  and  in  tiie  roots  which  were  supposed  to  be  the  direct 
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cause  of  death.  On  account  of  the  strikin^j  simihirity  thus  noticed 
it  was  concludud  that  the  stomach  contained  the  same  active 
principle  as  that  in  the  root,  and  it  was  thus  proved  tliat  the 
deceased  woman  had  actually  partaken  of  the  root.  Physiolof^ical 
experiments  U2)on  a  dog  and  a  guinea-pij,'  with  residues  ol)taiued 
both  from  the  stomach  and  from  the  root  extract  were,  however, 
entirely  negative.  The  root,  of  whicli  only  a  small  quantity  was  sent 
to  me,  appeared  to  he  a  species  of  Gomphocarpna — according  to 
Professor  MacOwan  it  was  an  as  yet  undescrihed  Asclepiad^ 
known  by  the  Western  Frovinoe  farmers  as  Bitter  wortel.  Pappe  * 
desoribed  "Bitter  wortel,'*  whioh  he  identified  inih  Gomphocarptu 
ompus,  B.Br.,  as  extremely  bitter  and  aorid,  M^d  eeid  that  on 
aoooont  of  its  dinxetio  properties  it  is  nsed  in  cases  of  dropsy,  and 
a  tinotare  prepared  from  it  is  declared  to  be  a  yaloable  remedy  for 
cdic.  It  is  by  no  means  unlikely  that  even  a  dose  of  tepid  water, 
not  to  speak  of  a  hot  infosbn  of  the  powdered  root,  may  have 
pcodnoed  emesis  when  taken  on  an  empty  stomach,  and,  in  a 
case  droomstanced  as  that  under  consideration,  there  is  no  wonder 
that  a  1ML  resolt  ensned.  This  by  no  means  proves  the  poisonous 
nature  of  the  plant,  for,  as  already  stated,  physiological  tests  were 
entirely  without  effect. 

A  far  more  satisfactory  examination,  from  a  chemical  point  of 
view,  was  made  in  the  case  of  the  so-called  "Quinine  tree" 
of  the  Transkei,  although  in  this  instance  I  have,  unfortunatelyt 
no  physiological  data  to  present.  The  tree  I  allude  to  is  TalMnfta- 
montana  vcntricosa ,  Ilochst.,  and  is  known  as  Umjela  by  the  natives. 
The  hark  of  this  tree,  which  flourishes  in  the  Gxwaleni  forest,  in  the 
Nyanduli  district,  has  a  hitter  taste,  and  is  reported  to  possess  the 
well-known  therapeutic  properties  of  quinine.  Only  a  small  quantity 
of  the  bark  was  received,  and  as  the  district  is  rather  remote  it  was 
not  possible  to  procure  any  more  at  the  time  ;  the  investigation  was 
therefore  of  necessity  restricted.  No  quinine  was  detected,  nor 
was  any  other  alkaloid  of  the  cinchona  group  found  ;  but  from  a 
cliloroform  solution,  on  evaporation,  needle-shaped  crystals  were 
isolated,  amounting  quantitatively  to  nearly  -2  per  cent,  of  the  bark. 
On  further  examination  this  substance  was  found  to  be  an  all^aloid 
yielding  the  following  reactions 

Melting-point  ;   AboottOOPO. 

TMto   Bitter. 

BtatCkn  vrltfi  Utonis    aiwmw. 

*  Ojk  dr^  p.  19* 
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Notflaowemtinaddgointton.... 
BotabOity   


Alkaline  hydrates  

AUnline  oaiboiutM  

Aniuiuniu   

FUnte  Add  

Ferric  chloride   

Pititinum  chloride  

Gold  chloride  

PotaoBinm  ferricyamde  . 
Poteasium  suli^xN^aoida 
Obfomio  aeid   


Phoaphomolybdle  add  

PhosphotunKstic  acid   

lodo-potassium  iodide  

BiamaUi  potaadom  iodide  

Havenzy potaadom iodide  

Mercuric  chloride  

Chlorine  water  (Thalldoqnin  teat).. 
Bramine  water   

Con<'f'ntrat'''1  hulpluiric  acid   

Coucentrat<xl  sulphuric  acid  with 

mgu   

Conoaotrated  aolphario  aeid  with 

potaadom  dichromate  

Concentrated  nitric  acid  

Fruhde's  reagent  

Manama  reagent  

Yitali'atest   


Very  aolnble  in  chloroform,  alcohol, 

benzene,  and  m1>o  in  \i  ry  dilute 
sulphuric  and  hydrochloric  acid. 
Not  precipitated  from  dilute  faolu- 
tiona. 

Kot  pradf^taAed  from  dilate  8ola> 

tions. 

Precipitate,  iiiboluble  in  excess. 
Amorphona  yellow  precipitate. 

No  precipitate. 

No  precipitate. 

Crimson  lake  and  gold  reduced. 
Bedneed  to  fenoejanlde. 

NU. 

Reddish-brown  precipitate  soluble 
in  excess  with  reddish-vermilion 
colour. 

Amorphona  yeUowiah.whito  pndpi> 

tate. 

White  precipitate. 

Amorphous  red- brown  precipitate. 

Oardy  briek-ied  pradj^tata. 

Coidy  white  precipitate,  inednhle  In 

excess  and  in  alcohol. 
White  precipitate. 
Beddiah-brown  colooratitm. 
Reddish -browti  coloaratioo. 
Slight  vermilion  ooknir. 

Blight  darkening. 

Light  yellow. 

Brownish-red  colour. 

Dark  blue  chuugiug  into  green. 

Cni4y  white  predj^tete. 

Beautiful  erimaon  lake. 


The  last-mentioned  teagent  aSbrds  a  very  delicate  test  for  this 
substance.  As  already  remarked,  there  appears  to  be  little  doubt 
that  it  is  a  new  alkaloid,  bat  on  account  of  insufficiency  of  material 
further  tests  could  not  be  made.  It  is  interesting  to  note  that  the 
tree  attains  a  large  size  in  the  forest  mentioned,  and  also  in  the 
Mpami  forest,  Elliotdale,  specimens  occurring  4  feet  in  diameter 
and  50  feet  in  height ;  the  abundance  of  the  tree  should,  moreover, 
render  it  possihle,  if  the  drug  prove  to  be  commercially  valuable,  to 
obtain  it  in  large  quantities. 

In  order  to  proceed  with  the  research,  a  lar<jrer  amount  of  the  bark 
has  since  been  obtained,  and  is  now  m  the  hands  of  Mr.  J.  Muller, 
B.A.,  the  Government  analyst  in  charge  of  the  Laboratory  at 


Digitized  by  Google 


Some  NoUi  Begarding  SoiUh  African  Pharmaoology,  121 

Graliamstown,  by  whom  the  above  investigation  was  conduoted.  It 
is  hoped  that  some  physiolo^'ical  testa  may  also  l)e  made. 

The  bulb  commonly  known  amon<^st  the  J^utch-speaking  portion 
of  the  inhabitants  as  "gift-hol,"  called  "  In-Cwadi by  the  Kaffirs, 
and  scientitically  termed  Jji/pluine  toxiairid,  Herb.,  was  examined  in 
connection  with  the  fatal  poisoning  of  two  KaHir  women.  This  plant 
is  stated  by  Smith  to  bo  used  for  the  disease  known  as  red-water 
in  cattle.  It  grows  on  the  Elandsberg  in  Temljuluiui  and  near 
King  Wilhamslown,  and  liushmeu  are  reported  to  have  used  the 
bulb  as  an  arrow-poison.  This  bulb,  cut  up,  air-dried,  and  ground 
ia  a  mill,  wm  trwtod  with  absolute  alcohol  for  several  days  and  the 
filtrate  evaporated ;  the  residue  so  obtained,  freed  from  all  oolonring 
and  resuioas  matter,  was  dissolved  ui  aeidnlated  water.  From  this, 
by  alkalisation  and  shaking  np  with  a  mixture  of  ether  and  ohloio- 
form,  an  nnorystallisable  residue  was  obtained,  which  yielded  very 
oharacteristie  results  with  the  usual  alkaloidal  reagents  and  solvents 
as  detailed  below : — 

tiolubility    Ixiiiolubie  in  diiitilled  water;  vecy 

■olable  in  aloohol,  in  dkkxnfonn, 
and  In  water  sli^tly  aoidnlatiwl 

with  hydrochloric  or  Hulphuric 
acid ;  less  soluble  in  elber  or 
benzene. 

Bramioe  water   KiL 

AmnMmia  and  flaed  alkalies    Precipitates. 

Picric  acid   Yellow  precipitate. 

i'iuiiuuiu  chloride   White  cloudj  precipitate. 

Gold  dilcMddo   White  doadj  precipitate. 

Ph(»pllO«toilg8tio  aflid   Wh  1  tf  precipitate. 

Sonnenschein's  reagmt   Cunl.v  white  precipitate. 

Wagner's  reagent   Faiutlj  violet  precipitate  changing 

into  daep  ohooolate. 
FrOhde's  VMgtnt    Permanganate  violat  «x>bar,  per- 

mimcnt. 

CoaoaDtrated  sulphuric  acid    i'ermanganate  violet  colour,  evan- 

escent. 

Cooflmtrated  ■nlphario  add  and 
potewiom  dlehfomato   Violet  colour,  atniMl  immediately 

evanescent. 

Concentrated  nitric  acid   Bright  yellow  colour. 

The  aetive  prineiple  appears  to  be  an  alkaloid,  and  is  contained  in 
the  fresh  bulb  to  the  extent  of  neaaiy  *4  per  cent.,  imparting  to  it  a 
slightly  bitter  taste.  One  drop  of  the  acidulated  aqueous  solution 
killed  a  young  mouse  in  three  minutes,  a  much  larger  mouse  being 
killed  by  two  drops  in  five  minutes.   The  symptoms  observed  were — 

*    Soath  AfriMn  Materia  liedioa,**  Acd  ed.,  1896,  p.  158. 
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at  first  restlessness,  then  muscular  twitchings,  and  finally  altemftting 
violent  muscular  contractions  and  relaxations.  The  hearts  were 
found  to  be  somewhat  pale,  but  not  contracted,  and  contained 
mnob  blood.  The  liver  wm  pnotieaUy  normal,  though  pale, 
and  the  intestines  mnoh  oontraoted  and  twisted.  An  aqueous 
extract,  representing  85  grains  of  the  dried  and  powdered  bolb, 
administered  to  a  healthy  dog  seven  months  old,  prodnoed  rest- 
lessness in  fifteen  minutes,  exoitement  of  the  sensory  nerves, 
considerable  acceleration  of  the  pulse,  and  donio  convulsions. 
Oradual  recovery  then  took  place,  and  on  the  day  following  the  dog 
appeared  quite  well  again.  After  two  dtkys  another  dose,  equal  to 
80  grains  of  the  dried  bulb,  was  administered.  Within  ten  minutes 
anxious  restlessness  ensued,  {oUowed  by  sudden  shivering  and 
muscular  twitchings.  Forty-five  minutes  after  administration  of 
the  dose  alternate  paroxysms  of  convulsions  and  inter\'als  of  quiet 
succeeded,  the  dog  seeming  at  times  to  be  at  the  point  of  death  from 
asphyxia  through  rigidity  of  the  respiratory  muscles.  From  this 
static  recovery  gradually  took  place,  health  being  apparently  restored 
by  the  next  day,  although  great  weakness  prevailed.  A  larger  dose 
would  doubtless  have  been  fatal.  The  active  principle  contained  in 
this  bulb  evidently  belongs  to  the  excito-motor  class,  herein  resem- 
bling nux  vomica.  The  alkaloid,  if  such  it  is,  seems  to  present  a 
closer  similarity  in  its  physiological  action  to  brucine  than  to 
Strychnine,  differing,  however,  from  both  in  its  chemical  reaction. 

It  must  not  be  imagined  that  alkaloids  and  glucosides  alone  are 
poisonous  of  all  the  principles  occurring  in  plants.  I  have  already 
touched  on  the  possibly  toxic  ciiaracter  of  an  essential  oil  which  is 
present  in  Mcsembrianthemum  tortuosum ;  another  case  of  this 
description  was  noticed  in  respect  of  an  unknown  root  which  was 
said  to  have  caused  the  death  of  a  native  woman  at  Qumbo.  The 
sender  forwarded  only  the  bare  root — ^no  leaves,  flowers,  fruit,  cr 
anything  by  which  the  plant  could  be  identified.  No  alkaloid  or 
glucoeide  was  found,  but  the  supposed  poison  was  accounted  for  hy 
the  presence  of  a  resin  which  formed  about  1  per  cent,  of  the  root. 
This  resin  yielded  the  following  reactions : — 

Mabilitj    Soluble  in  50  to  80  per  eani  alcohol ; 

slightly  soluble  in  water. 
Concentrated  aalpborle  add    Dissolves  with  bright  yellow  ooloor, 

which  la  dastrojad  on  addition  d 

nitric  add. 

Concentrated  sulphorio  acid  with 

potSMhim  difllmunate   Fades  to  grMoidi-UiM. 

grtMtfa  faigaat   Bright  yellow  colour,  pamuuMnt. 

Oonoantvatad  nltrio  add   Iiwdwlite,  diaeoloorsd. 
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Two  mioe  were  each  giyen  two  drops  ol  the  lesin  eztntot,  and  died 
in  three  and  five  minatee  reepeotiyely.  Bespiration  was  greatly 
retarded,  and  after  death  the  hearts  were  found  pale  and  firmly  oon- 
traeted,  the  left  ventricles  being  praotioally  empty.  The  liver,  too, 
was  pale.  In  a  dog  musoular  tremors  and  a  marked  slowing  of  the 
heart- beat  were  the  most  prominent  sjrmptoms  produced  by  about 
60  grains  of  the  powdered  root;  reoovery  was  nevertheless  complete 
by  the  following  day. 

The  plant  indigenous  to  this  countn,'  to  whose  crodit  the  largest 
number  of  poisoning  c:ises  must  be  placed  is  undoubtedly  Acocanthcra 
xcncnnta,  Don,  to  wliicli  reference  has  already  he(!n  made.  The 
Katlir  names  of  this  plant  are  given  by  Smith  as  Intlungunyembc 
or  Ubuhlungu  bonyoka.  In  reporting  on  the  probabilities  of  poison- 
ing by  ArocrDithcra,  one  is  met  by  the  difliculty  that  is  experienced 
all  along  the  line  of  South  African  drugs  and  poisons — the  principle 
which  the  plant  contains  has  not  yet  been  fully  investigated  either 
chemically  or  physiologically.  Physiologically  it  is  known  to  act  as 
a  violent  emetic  and  by  powerfully  contracting  the  muscle  of  the 
heart.  Chemically  there  are  no  recorded  tests  for  the  presence  of 
the  Acocanthera  poison.  Smith  f  states  that  the  active  principle 
has  been  eiamined  by  Professor  Eraser,  but  he  reocwds  no  chemical 
tests  that  could  be  applied  to  ascertain  its  presence.  The  only 
Acocanthera  mentioned  by  Sobn|  is  Aeoeanthera  Ouabais,  the 
poison  of  which  appears  to  differ  from  that  under  consideration; 
bat  it  is  worth  noting  that  the  poisonous  principles  of  this  plant, 
namely,  ouabain  and  strophanthine  are  also  said  to  cause  the  rapid 
arrest  of  the  heart  in  systole.  §  In  the  PharmaeeitHeal  Journal  \\ 
Gerrard  deals  with  the  African  (Wa-Nyika)  arrow-poison,  and 
identifies  it  with  strophanthin.  Amongst  other  conclusions  men- 
tioned, he  declares  it  to  be  a  powerful  heart-poison,  arresting  the 
ventricle  in  systole.  He  also  adds — and  I  shall  have  to  refer  to  this 
point  later — the  following  observation :  "  The  antidote  is  stated  to  be 
made  from  five  roots;  ...  to  prepare  the  antidote  the  roots  are 
ewiverted  into  charcoal,  which  is  coarsely  powdered."  A  paper  has 
been  published  by  Fi-aser  and  Tillie.^i  communicated  to  the  BoyaL 
Society,  giving  further  information  respecting  the  Wa-Nyika  arrow- 
poison  ;  they  place  the  poison  in  the  genus  Acocanthera  (possibly 
Acocanthera  Schinipcri),  at  the  same  time  coafirmiug  what  had 

*  "  South  African  Materift  Medica,"  8rd  ed.,  p.  87. 
t  Op.  eit.,  p.  'dS. 

X  *'  Dielloiuury  of  Aetive  PrineiplM  of  Pkata,*'  pu  98. 

I  Allen,  <*  Commstcial  Organic  Analysis,"  1096,  VoL  liL,  pi.  UL,  p.  140. 

|l  Pharm.  Journ.,  vol.  xi.,  pp.  83;i  to  835. 
^  Pharm.  Journ.,  vol.  xxiv.,  pp.  41,  42. 
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already  been  published  regarding  its  action  on  the  heart.  The 
aothora  mention  one  characteristic  chemical  teat,  namely,  that 
when  crystals  of  the  purified  poison,  wiiich  they  consider  to  be 
a  glucoside,  are  treated  with  strong  sulphuric  acid,  a  pink  colour  is 
almost  immediately  developed,  which  soon  darkens  to  a  hric  k km], 
and  then  slowly  fades  to  a  pale  brown.  The  subject  is  still  further 
enlarged  upon  by  Holmes/'  He  likewise  considers  the  Wa-Nyika 
poison  to  b<'  derived  from  an  Acocanthera,  and  then  goes  on  to  ret'  r 
to  the  Swaliili  arrow-poison,  which  he  says  is  certainly  derived  from 
an  Acocanthera,  but  is  doubtful  whether  the  plant  is  Acocanthera 
venenata  or  Acocanthera  sprctiihiiif<. 

It  will  be  seen  from  what  I  have  already  said  that  the  identity  of 
the  j)lant  has  been  somewhat  micertain,  and  the  oidy  cliemical  test 
recorded  is  the  isolated  one  mentioned  by  Fraser,  which  may  ])ossiblv 
be  found  lo  apply  to  all  the  Acocanthera  poisons,  or  only  to  that 
found  in  Acocanthera  Schvnjperi, 

The  point  I  wish  to  emphasise  is  ^lia-^tbat  hitherto  there  has 
been  no  recognised  well-defined  chemical  test  for  any  of  the 
Acocanthera  poisons,  and  certainly  not  for  tlu:  pcjison  of  Acocanthera 
tenenata.  The  position  to  be  faced  by  an  analyst,  who  has  to  test 
for  this  poison  in  human  organs,  differs  therefore  widely  from  that 
which  be  has  to  occupy  when  testing  for  strychnine,  or  arsenic,  or 
any  of  the  well-known  poisons,  the  tests  for  which  are  subjects  of 
general  scientific  knowledge :  in  such  cases  as  the  latter  one  needs 
but  to  apply  those  recorded  tests,  and,  from  the  reactions  noticed, 
infer  the  presence  or  absence  of  the  poison  he  is  in  search  of.  With 
regard  to  Acocanthera  there  were  no  such  recorded  tests ;  they  had 
to  be  discovered  ere  they  could  be  applied,  and  to  the  analyst 
engaged  in  elucidating  the  mysteries  of  a  case  of  culpahlf  homicide, 
the  time  allowed  for  coming  to  a  conclusion  is  hardly  adequate  for 
the  pursuance  ol  lengthy  original  research.  Hence  the  scientific 
knowledge  necessary  for  expert  judgment  comes  to  us  piecemeal  as 
case  follows  case. 

One  of  the  earliest  cases  of  evident  Acocanthera  poisoning  to  come 
under  niv  notice  occurred  about  foiu*  years  ago.  It  was  that  of  a 
Kaflir  woman,  apparently  60  or  Go  years  of  age.  Half  a  cupful 
of  a  plant  decoction  had  been  administiTed  to  her,  and  hfteen 
minutes  later  she  was  found  liead,  vomiting  and  purging  having 
taken  place  meanwhile.  Tost-mortem  examination  revealed  the 
fact  that  she  had  been  affected  with  fatty  degeneration  of  the 
heart,  while  the  bases  of  both  lungs  were  congested.  The  District 
Suigcou  wl>o  performed  the  autopsy,  concluded  that  fatal  syncope 

*  Pharm.  Journ.,  vol.  xxiv.,  pp.  41,  42. 
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had  been  brooghii  about  by  the  strun  of  vomiting  and  purging, 
acting  upon  a  heart  already  weakened  by  diseaae.  The  leaves 
and  bark  from  which  the  decoction  was  made  were  identified 
as  Acoeantherateneyiata,  Don.  A  hurried  examiuation  of  the  small 
quantity  of  leaves  and  bark  received  failed  to  show  the  presence  of 
any  alkaloid,  and  even  a  fairly  concentrated  decoction  prepared  in 
our  laboratory  liud  no  effect  whatever  on  giiinea-pi^'s  ;  hut  when 
10  to  15  c.c.  of  a  20  per  cetit.  decoction  of  the  phint  were  given  to 
a  do^',  vomitinfT  took  place  within  ten  iniiiut*"^,  accompanied  hv  very 
st'Vtnt'  and  continuous  straining,  the  annual,  however,  e\eiuua]ly 
recovering  completely.  The  decoction  received  from  the  District 
Surgeon  lia<l  the  same  respective  effects  when  administered  to  the 
guinea-pig  and  dog,  altiiough  the  action  on  the  dog  was  less  violent, 
owing  to  the  latter  decoction  i)eing  of  a  less  concentrated  stren^^'th. 

These  results,  inconiploto  as  they  were,  showed  that  tiio  plant 
oontained  an  active  principle  of  violent  action,  and  that,  when 
administered  to  any  one  suflEering  from  a  weak  heart,  fatal  conse- 
quences might  ensue.  It  was  concluded  from  the  peculiar  aotkm  of 
tiie  plant,  and  its  bitter  taste,  that  it  probably  contained  a  glucoside 
possessing  very  violent  emetic  properties,  emesis  being  accompanied 
by  severe  straining,  and  apparently  afifocting  camivoious  miimftli^ 
more  seriously  than  those  which  are  herbivorous. 

Both  the  physiological  and  the  chemical  tests  disproved  the 
assertion  made  in  the  earlier  editions  of  Smith's  "South  African 
Materia  Mediea,"  that  the  plant  contains  the  alkaloid  brucine — ^a 
substance  which  yields  quite  distinct  chemical  reactions,  and  also 
produces  totally  diflferent  symptoms  when  administered. 

A  year  later  I  received  from  Glen  Grey  the  stomach  of  a  child 
who  had  died,  according  to  the  District  Surgeon's  testimony,  of 
p^tonitis,  which,  he  said,  could  have  been  caused  by  an  irritant 
poison.  It  appeared  that  the  child — she  was  eleven  years  old — 
having  been  ill,  a  Kaffir  "  medicine-man "  adtninistered  some 
decoction  to  her  as  well  us  to  other  members  of  the  family.  In 
each  case  vomiting  and  purging  resulted.  The  chiKl  is  said  to  have 
votnited  tln-ee  times,  after  which  she  fell  down  and  expired  almost 
immediately.  Two  small  parcels  containing  parts  of  plants  were 
forwarded  for  analysis,  hut  there  did  not  appear  to  be  any  positive 
evidence  to  connect  them  with  the  decoction  adnn'nistored  to  the 
child.  On  arrival  in  the  laboratory  the  stomach  was  found  to  l)e 
practically  empty.  The  s})u-its  of  wine  in  which  it  had  been  pre- 
served was  seen  to  possess  a  brilliant  green  tint,  due,  as  afterwards 
discovered,  to  chlorophyll.  By  repeated  shaking  of  the  alcoliuiic 
extract  with  chloroform  and  ether  in  turn  a  substance  was  obtained 
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whloh  yielded  the  foUowing  lesulto  wilh  some  of  the  weU-known 
tosto  for  alkaloids : — 


Some  of  this  ohlorofonn  residue  was  given  to  a  dog  and  prodnoed 
emesis  within  seven  minutes.  The  amount,  however,  of  the  active 
principle  which  was  left  in  the  stomach  and  in  the  portion  of  the 
liquid  subsequently  given  to  the  dog  must  have  been  very  minute, 
seeing  that  the  child  had  vomited  three  times  before  death. 
Decoctions  of  the  packets  of  plant  material  received  were  prepared 
and  administered  to  the  dog  in  fairly  large  doses  without  any  effect : 
apparently,  therefore,  they  did  oot  contain  the  plant  used  by  the 
••Kaffir  doctor."  Judging'  from  the  physiological  eflfects  produced 
on  the  deceased  child,  and  from  the  results  of  the  analysis,  it  vras 
surmised  that  the  drug  used  may  have  been  Acocanthera  venenakL 
Here  again  it  was  a  pity  that  the  ejected  matter  had  not  been 
preserved  for  analysis,  nor  the  condition  of  the  deceased's  heart 
noted. 

Anotlu'r  year  passed  ere  a  further  case  of  similar  nature  utlbrded 
an  opportunity  for  further  progress.  To  a  native  child,  at  Glen 
drey,  who  was,  to  all  appearances  in  good  health,  a  *' Kafhr 
doctor  "  was  for  some  obscure  reason  called  in  hy  the  nioilier.  The 
"doctor"  administered  a  drug  which  caused  speedy  death.  The 
post-mortem  examination  revealed  the  fact  that  death  was  apparently 
due  to  the  arrest  of  tlie  heart  in  systole.  My  attention  was  by  this 
circumstance  at  once  directed  to  Acocanthera,  the  plant  being  well 
known  in  the  distrtot,  and  reported  to  act  precisely  in  the  way 
described,  the  efiEsct  on  the  heart  being  powerfully  contraotiva. 
Similar  cases  are  recorded  by  Smith,*  who  also  mentions  Rcaser^s 
description  of  the  manner  in  which  this  action  on  the  musde  of  the 
heart  is  caused  by  the  plant.t 

This  was  the  first  instance  that  had  come  under  my  notice^  in 
which  the  circumstances  of  death  clearly  pointed  in  the  direotion  of 
poisoning  by  Acocanthera:  in  nearly  every  previous  case  there  had 


Picrio  Aoid  

flM^pho-molybdio  Aoid 

Seheibler's  reagent  . . . , 

Wagner's  reagent  

Mayer's  reagent   

lCaniii*t nag«nt  ..... 
Drar'ondorff's  na^Biit  . , 

Gold  chloride   , . , 

PUtiaum  chloride  ... 


Yellowisb-vbite  precipitate. 
Cnrdy.white  pcedpltete. 

Ani<  1  phoiis  white  preeipitatt. 

Slight  red  precipitate. 

White  precipitate. 

White  precipitate. 

Slight  red  precipitste. 

Faint  preoipitnlo. 

Whitish  tioccuient  precipitate. 


*  "  South  African  Materia  Medioa,"  3rd  ed.,  p.  38. 
t  Op.  cit.,  p.  39. 
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been  flaws  in  the  ehain  of  evidence,  partially  owing  to  the  fact 
that  the  poison  was  practically  new  to  sdeiioe.  Although  the 
physiologioal  action  appeared  to  be  the  same,  np  to  that  time  there 
had  been  no  definite  tests  capable  of  application,  so  as  to  identify  the 
poison  found  in  the  organs  with  that  contained  in  the  plant.  In 
the  interval,  however,  that  had  elapsed  between  the  submission  of 
this  case  and  the  one  previous  I  had  dctt  rmined  to  make  at  least 
some  endeavour  in  the  direction  of  investigating  the  matter  more 
tliorouglily.  Throuph  the  kindness  of  Mr.  H.  G.  Flanagan,  of 
Komgha,  I  was  enabled  to  procure  a  supply  of  Acocanthera  venenata. 
The  investigation  was  naturally  one  that  needed  abundance  of  time 
and  leisure,  which  I  was  notable  to  bestow  on  it,  but  T  succeeded  in 
doing  what  I  iliink  will  enable  the  poison  to  be  identitiud  iu  most  cases 
that  may  hereafter  occur. 

The  results  of  my  investigations  were  these. 

If  the  root  and  bark  of  AooocmiOma  tmmata  are  gtoond  and 
treated  with  aloohdl,  and  the  aloohoUo  eitraek  pozified  hy  meana  ol 
oharooal,  and  evaporated,  an  aotive  prinoipld  is  obtained  responding 
to  tiie  following  ehemieal  tests : — 

gWMtfsmgtirt    Tdlowish  •  bnmn  nhmging  into 

brownish-Rrecn. 

Concentrated  sulphuric  add  Yellow,  changing  first  to  pink,  then 

brick-red,  and  finally  violet. 
GonoantaatsA  m^nrle  add  frith  Binwald-gMtii  nhanging  into  dew 
potantinn  dlehramato  Uoa. 

A  strong  and  healthy  mouse  treated  wnth  a  very  small  quantity  of 
the  residue  of  the  alcoholic  extract  just  mentioned  died  in  20  hours  ; 
the  heart  was  found,  hy  post-mortem  examination,  to  be  very  tirmly 
contracted,  and  the  small  intestines  and  liver  congested.  A  young 
mouse  similarly  treated  also  died,  but  in  this  case  no  post-mortem 
examination  was  made. 

In  the  stomach  of  the  last-mentioned  child  the  above-named 
characteristic  reactions  were  also  noticed,  hut  the  quantity  of  the 
posion  was  too  suiull  for  exact  determination  ;  it  was  probable, 
however,  that  some  of  it  had  been  lost  by  emesis  and  some  absorbed 
into  the  system,  as  it  is  evident  that  the  drug  is  one  capable  of  very 
rapid  absorption. 

A  sample  of  the  root  forwaxdad  together  with  the  eUld's  siomaeh 
was  sstoaoted  in  a  similar  manner  and  administered  to  a  healthy 
and  vigorous  moose,  whioh  died  within  a  few  hours ;  the  heart  was 
qmto  oontraoted,  pale  and  firm.  To  another  moose,  whioh  had 
apparently  been  previonsly  injured,  a  small  quantity  of  the  drug 
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was  also  given.  In  this  case,  too,  death  ensued,  hut  the  heart  was 
found  to  be  only  slightly  contracted,  death  having  apparently  been 
hastened  by  the  injury  referred  to.  A  third  mouse,  treated  in  the 
same  vray,  lived  for  30  hours  ;  in  this  case  also  the  heart  was 
found  to  1)G  tinnly  coutracted.  Two  other  mice,  similarly  treatt-d, 
likewise  succumbed,  but  no  post-mortem  examinations  wore  made. 

I  alladed  to  Gerrard's  mention  of  the  use  of  charcoal  as  wa 
•ntidolo  by  the  natives :  in  this  oonneotion  it  was  carious  to  nots 
that  on  the  person  of  the  EaAr  dootor  who  was  connected  with  the 
last  case  was  found  a  black  powder  oonsistiDg  of  oxide  of  copper 
together  with  minnte  crystals  of  copper  sulphate  mixed  with 
powdered  charcoal 

From  the  tin  out  of  which  the  deceased  drank  the  decoction,  alter 
extraction  with  alcohol,  a  reaidne  was  obtained  exhibiting  the 
chemical  reacticms  before  mentioned.  This  extract  also  caused 
the  death  of  a  moose  in  a  few  hours,  the  heart  being  found  pale 
in  colour  at  the  apex  and  very  firmly  contracted,  while  the  small 
intestines  were  slightly  congested. 

About  two  years  ago  four  ounces  of  the  contents  of  a  stomach  of 
a  native  woman  were  analysed  by  Mr.  J.  Muller,  B.A.,  the  analyst 
in  charge  of  the  Grahamstown  branch  of  our  laboratory.  The  fluid 
was  treated  with  pure  alcohol  for  some  days  and  the  ckar  filtrate 
evaporated.  Mr.  Muller's  investigations  showed  the  extract  to 
contain  an  uncrystallisal)le  substance,  vtry  soluble  in  alcohol, 
chloroform,  and  acidulated  water,  but  iusohible  in  ether.  The  tests 
applied  produced  results  which  were  recorded  as  follows  by 
Mr.  Muller: — 

Ckmotntrated  sulphurio  add   Pink  colour,  deepeuing  to  brick,  then 

pairing  into  diooolate  •  teown, 
blaiflh-greeo,  and  vidM. 

Oonoentrated  solpfaoric  acid,  with 
poAaMlnm  diohromait   GfM&i&h-jelloir  and  cittMald<8nMi. 

In  the  post-mortem  examinatkm  on  the  deceased  it  was  reccided 
that  all  the  organs  were  normal,  but  the  heart  bloodless. 

The  extract  obtained  from  the  stomach  by  methods  already 
detailed  were  administered  to  mice,  one  drop  of  the  extract  being 
given  to  each;  one  of  the  mice  died  in  32  honrs,  the  others  in 
84  and  86  hoiors  lespectively.  To  the  last  two  a  second  drop  was 
given  24  honrs  after  the  first  The  symptoms  produced  were  tonic 
oontiaotion  of  the  muscles,  slowing  and  intermittence  of  the 
xesphmtion,  gaping  accompanied  by  a  straining  movement  like 
that  of  vomiting.  Before  final  arrest  of  the  heart  a  slowing  is 
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noticeable,  due  to  inerease  of  the  systolic  oontmotion  and  lessening 
of  the  diastolio  expansion.  Apparently  the  oesiation  of  veepiiation 
takes  place  after  anett  of  the  heart. 

In  each  ease  all  organs  except  the  heart  appeared  normal.  The 
latter  organ  was  removed  and  embedded  in  paraffin  blocks,  sections 
of  wliicli  have  been  made  for  examination  under  a  low  power  of  the 
microscope. 

It  may  here  be  noted  that  the  wood  of  Acocanthcra  venenata 
contains  about  "33  per  cent,  of  the  active  principle.  We  have 
as  yet  no  data  upon  which  to  calculate  the  minimum  fatal  dose  of 
this  plant,  although  Smith  records  that  15  ^^rains  of  the  dried 
leaves  is  the  largest  safe  dose,  but  as  regards  Acoccuithera  Sc}ii>nj)eri 
Fraser  and  Tillie  t  state  that  by  sub-cutaneous  injection  the  mini- 
mum lethal  dose  of  Acocantherin  is  ilo  grain  per  lb. 
weight  of  a  rabbit,  from  which  it  may  be  assumed  that,  for  an 
average  man,  ^  to  ^  of  a  grain  of  the  pnrified  Acoeantherin  may 
be  fatal 

The  contraction  of  the  heart  that  I  have  repeatedly  alluded  to  is 
very  characteristic  in  Acocanfhera  poisoning,  and  as  soon  as  I 
became  alive  to  this  fact  I  suggested  that  the  unportance  of  record- 
ing the  condition  of  the  heart  at  poet-nuvtem  examinations  should 
be  impressed  on  District  Surgeons  in  the  part  of  the  Oolony  where 
Aoooanihera  flourishes.  It  had  been  of  frequent  occurrence  that 
where  the  heart  was  not  orgpmically  diseased  no  remarks  were 
made  about  its  condition ;  an  important  link  in  the  investigation 
may  thus  be  missed.  This  point,  I  am  glad  to  say,  is  now  being 
attended  to. 

In  a  case  which  appeared  in  1903  at  Butterworth,  a  native  woman 
died  from  the  efibots  of  administration  of  a  root  by  a  Kaffir  medicine- 
man :  the  post-mortem  examination  showed  that  paralysis  of  the 
heart  in  systole  had  occurred,  and  the  line  shreds  of  the  root, 
examined  in  the  Gralnunstown  Laboratorv,  exhibited  the  character- 
istic  reaction  for  Acocanthera  when  treated  with  sulphuric  acid,  light 
pink,  gradually  becoming  violet.  A  decoction  was  made  from  15 
grains  of  the  powiiered  root,  aud  half  an  ounce  of  this  was 
administered  to  a  healthy  dog,  eight  months  old.  Repeated  emesis 
occurred  within  20  minutes,  accompanied  by  violent  straining  and  ab- 
normal increase  of  secretion  of  saliva,  such  as  is  always  noticed  when 
this  drug  is  administered  to  dogs.  These  symptoms  were  accom- 
panied by  great  muscular  weakness  and  tremors,  apparent  giddmess, 
retarded  pulse  and  respiration.    The  emetic  effects  ceased  after  two 

*  "  South  African  Materia  Medica,"  3rd  ed.,  p.  iti. 

t  •'Acokamthen  ftjUaqwri  .•  Ito  Kstncal  Hittoty,  Chemistry,  and  Pfauniaoology." 
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hours,  an  hour  later  distinct  signs  of  recovery  were  noticeable,  and 
soon  after  this  the  dog  was  able  to  eat,  food  having  remained  beside 
it  throughout.  Two  hours  later  the  ftnimftl  was  to  all  intents  and 
purposes  quite  well  again. 

Another  very  energetic  poison,  probably  a  glucoside,  wa>i  found 
in  an  unidentified  bull)  said  to  have  caused  the  death  of  a  native 
woman  at  Tsolo.  The  symptoms  in  the  case  of  dogs  and  mice 
to  some  extent  resembled  those  prodiieod  by  Acocanthera;  the  mice 
dying  in  10  to  40  minutes,  the  slonuich  and  intestines  becoming 
greatly  distended,  and  inflamed  in  parts,  the  heart  contracted,  the  left 
venferiole  hloodlew*  and  the  longs  gorged  with  Mood:  the  most 
ehataoteristio  appeannoe  seemed  to  be  that  of  the  liver,  ivhioh 
is  mneh  softened  and  becomes  greatly  congeeted.  The  aettve 
principle  was  obtained  from  the  bulb  by  evaporating  an  aqueous 
solution  of  an  addnlated  alcoholic  eztraot,  rendering  the  residne 
alkaline  and  dissolving  ont  with  ether.  The  snbstance  thns  obtained 
was  ohaiaoterised  by  the  following  properties : — 


... 

BotoUlify 


CoiUMiilrated  lolphiirie  add  

Sulphuric  acid  with  potMsiom  di* 

cbromate  

Solphurio  add  with  bromine  

Nitric  acid  

Platinum  chloritle   

Gold  chloride  

Molybdiosdd   

Vitnli's  test   

Sonnen.schein's  reagent  

ticheibler's  reagent  

riaad Mttals  •....*•>«..••«••.... 
Tannin   


Bitter. 

Soluble  in  water  (especially  if  acida> 

latod),  also  in  alcohol,  less  aoioUa 

in  chloroform  and  ether. 
Cherry-red  ;  changing  to  lake  and 

then  to  light  pink. 
Yellowish  hrown,  changing  fint  k> 

green  and  then  to  blue. 
Yellowish-brown,  changing  first  to 

green  and  then  to  Una. 
Nil. 
Nil. 
NiL 
NIL 
Nil. 

White  pifcipitate. 
White  precipitate. 
Precipitate. 
Preeipitate. 


In  another  poisoning  case  strips  of  bai^  and  stem  were  submitted, 
portions  of  which  had  cansed  the  death  of  a  native  at  Kcjauidkwe. 
Here,  as  in  the  case  last  quoted,  no  leaves  or  flowers  were  received, 
and,  owing  to  this  omission,  the  plant  conld  not  be  identified,  which 
was  most  regrettable,  as  the  chemical  and  physiological  tests  were 
very  pronoonced.  The  active  principle  was  evidently  a  non- 
oystallisable  glncoside,  acting  on  tiie  heart  and  arresting  its  aotioo, 
generally  in  systole,  but  apparently  also  in  diastole.  The  following 
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results  were  observed  on  applying  (he  etufconuay  torts  to  the 
priooiple  aaEtEttoted  by  aloohol^-^ 

TMs   BUgjhlly  Utter. 

CooonlnUed  mlphailD  Add   Bright  vvnnilion,  changing  to  orange, 

then  jeUow,  and  flxwUy  gntnirii- 

yellow. 

Sonnenschein's  reagent    White  pnoigitett. 

Platinum  chloride   N  il. 

GoldchUnldA    VfL 

PteioMld   NIL 


One  dxop  of  a  4  per  eent.  decoction  of  the  powdered  bark, 

administered  to  a  mouse,  resulted  fatally  in  10  hours ;  a  drop 
of  the  aqueous  solution  of  an  alcoholic  extract  of  the  bark  caused 
death  in  the  case  of  another  mouse  in  10  minutes  ;  a  third  mouse 
died  5  minutes  after  receiving  a  drop  of  an  aqiieon-i  sohition 
of  the  purified  active  principle,  ef|uivalent  to  one-fortieth  of  a  milli- 
gramme of  the  latter.  In  all  tlu  sf  cases  the  liver  was  pale  and  the 
stomach  and  intestines  distended.  Tlie  heart  of  the  second  mouse 
was  arrested  in  diastole,  and  in  the  other  two  cases  in  systoU\  Too 
loni?  boiling  destroys  the  activity  of  this  substance,  hut  a  carefully 
prepared  decoction,  in  small  doses,  acts  as  a  powerful  emetic,  and 
«n  orerdose,  as  abready  stated,  eanses  paralysis  of  the  heart. 

Certain  roots  whioh  oonld  not  be  identified  eansed  the  death  of  a 
natrve  at  Henehel.  Ghemioal  investigation  showed  no  alkaloids  or 
^noosides  to  be  present,  the  toxio  prinoiple  being  apparently  a  reein. 
A  deoootion  representing  4*6  grains  of  the  root  administered  to  a 
goinea-pig  eansed  oonvnlsions  and  loss  of  power  in  the  limbs  in  a 
eoople  of  honrs,  which  terminated  fatally  4^  honrs  after  thedeooction 
was  taken.  A  deooetion  equivalent  to  12*3  grains  was  given  to  a 
dog  and  the  eesophagus  was  tied  to  prevent  emesis  ;  death  occurred 
in  46  minutes.  In  both  cases  there  was  congestion  of  the  stomach 
and  upper  porti^ms  of  the  intestines.  Some  medicine,  prepared  by 
the  native  medicine-man  charged  witli  the  fatality,  and  forwarded  at 
the  same  time,  was  administered  to  a  guinea-pig  (30  c.c,  con- 
centrated by  evaporation  to  3  c.c,  were  actually  given  \n  two  doses 
an  hour  apart)  ;  similar  symptoms  were  noticed  as  in  the  former 
case,  and  death  ensued  in  S  hours  from  the  time  of  administration  of 
the  tirst  dose.  75  c.c.  were  ^iven  to  a  rahhit  in  two  doses  separated 
by  an  interval  of  3  hours  ;  9U  minutes  later  paralysis  of  tlie  after- 
extremities  set  in  and  gradually  increased,  terminating  fatally. 

In  connection  with  the  death  of  a  native  girl  at  King  William's 
Town,  a  "  Kaffir  doctor  "  who  had  administered  a  decoction  of  certain 
roots  to  the  deceased  was  indicted  for  culpable  homicide.    The  plant 
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was  identified  as  belonging  to  the  genus  Polygonum,  probably 
Poh/tjotunn  tovientosuvi,  var.  glahrum.  The  plant  is  stated  to  be 
used  by  the  natives  sis  a  remedy  for  black  gall-sickness.  From  the 
plant,  by  means  of  alcohol,  an  acrid  resin  was  extracted,  which  yielded 
the  following  colour  reactions  with  strong  sulphuric  acid  :  bright 
pink  to  cherry-rod  colour,  changing  gradually  through  a  deep  lake 
to  a  dirty  brown,  and  ultimately  fading  to  a  greenish  tint.  Doses  of 
extraot  from  the  powdered  plant  were  administered  to  three  mice 
with  the  following  results : — 

Qoantity  of  Plant  Pericnl  within  wliich 

represented  by  dose.  death  occurred. 

Three-fifths  of  a  grain   Four  hours. 

Three-fourths  of  a  grain   Two  hours. 

Four-fifths  of  a  grain    One  hour. 

In  eaoh  oase  the  symptoms  were  yery  aimilar :  nnoniiineBa  within 
10  minntes,  breathing  at  first  yery  rapid  but  soon  snooeedod  by 
prononnoed  intonnittenoe  of  rosplxation,  gaping  and  straining  as  if 
preparatory  to  emesis;  the  xesm  appeared  to  act  as  a  strong 
depressant  After  death  the  hearts  were  f oond  to  be  pale ;  in  two 
oases  the  left  Tentriele  was  firmly  oontraoted,  whereas  in  tiie  third 
the  ri^t  Tentricle  was  oontraoted  and  oontained  very  little  blood ; 
the  stomachs  and  intestines  were  distended.  A  quantity  of  infnsion 
equivalent  to  8  grains  of  the  powdered  plant  was  given  to  a  dog 
without  any  noticeable  effect  being  produced. 

Through  insufficiency  of  material  no  further  experiments  oould  be 
oanied  out,  but  it  appeared  probable  that  the  resin,  present  to  the 
extent  of  nearly  2^  per  cent,  in  the  dried  root,  was  the  active  principle 
that  caused  the  fatality.  It  appeared  likely  that  when  given  in  toxic 
doses  the  drug  would  eveotuaUy  paralyse  the  heart  muscle  and  arrest 
that  organ  in  systole. 

I  have  alluded  to  some  of  the  practical  difliculties  occurring  in 
connection  with  investigations  of  the  class  that  forms  the  subject  of 
these  notes ;  in  addition  to  these,  other  circumstances  are  constantly 
coming  to  light  w  hicli  show  that  much  more  care  and  discrimination 
require  to  be  exercised  in  selecting  and  submitting  for  analysis 
samples  connected  with  matters  of  such  grave  importance.  Bottles 
are  so  badly  packed  and  sealed  that  loss,  total  or  partial,  of  liquid 
contents,  in  transmission,  is  not  infrequent ;  besides  this,  articles  are 
often  sent  for  analysis  at  haphazard,  without  circumspection,  and 
very  earelessly  dealt  with.  In  one  case  of  aliegad  attempted  poison- 
ing it  was  asserted  that  snake-poison  had  been  employed  as  the 
agent :  in  proof  hersctf  a  dead  snake,  said  to  have  been  fonnd  near 
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the  scene  of  the  outrage,  WM  padnd  in  a  small  box  and  forwarded 
to  the  Government  Laboratory,  the  sender  going  so  far  as  to  state  in 
all  seriousness  the  name  under  which  this  particular  species  of  snake 
was  known  to  the  natives.  On  opening  the  box  the  "  snake  "  was 
found  to  be  nothing  more  than  a  piece  of  round,  plaited,  mud- 
encrusted  stay-lace.  On  another  occasion  a  dead  human  body  was 
found,  and  poisoning  was  suspected.  It  was  thought  that,  either  by 
vomiting  or  by  decomposition  of  internal  organs,  tlic  poison  could 
have  got  on  to  the  clothin;^.  The  waistcoat  was  forwarded  for 
analysis,  but  not  the  coat — which  would  have  been  the  more  likely  to 
have  shown  traces  of  vomiting — nor  the  vest,  which  would  first  have 
been  affected  by  poisons  escaping  from  the  internal  organs.  A  bottle 
found  near  the  spot,  which  might  have  contained  the  poison,  was  first 
used  to  fetch  water  for  tlie  purpose  of  washing  the  hands  of  certain 
oflicials  present,  and  then  only  was  it  sent  in  for  analysis. 

In  conclusion,  1  must  express  my  deep  consciousness  of  the 
exceedingly  cursory  nature  of  the  examinations  I  have  recounted^ 
bnt  as  long  as  such  work  has  to  be  undertaken  under  present 
conditions  the  reeolts  cannot  be  otherwise  then  tentative  sad 
inoonqplete.  It  is  one  of  my  greatest  regrets  that  the  exigeneies  and 
varied  nature  of  the  vrork  under  my  eharge  constitute  a  permaneni 
obetsele  to  detailing  any  analyst  for  the  special  duty  of  a  thorough 
rssearbh  into  the  snl^eot  of  South  Aiiioan  plant-poisons.  A  former 
Ookanal  Seeretsry,  a  physieian  by  profession,  once  expressed  to  me 
bis  view  that  before  anything  else  piovision  should  be  made  for 
sjrstematio  roeoareh  of  tiiis  nature,  and  that  it  ought  to  be  one  ol  the 
recognised  funotions  of  the  Government  Analytical  Laboratory  to 
osny  out  sodi  research.  I  cordially  endorse  the  view,  and  trust  that 
as  soon  as  ever  the  depressed  oondition  of  the  Colony's  finaaoes 
admit  of  the  expenditure,  the  necessary  provision  for  the  peiiormsnoe 
of  this  important  work  may  be  made. 
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CO.NTiiLBUTIOi^S  TO  THE  AFKIGAN  FLORA. 
Bt  Habbt  Bolus,  D.Sc,  F.L.S. 
(Bead  May  81,  1906.) 

MusAXAiA  snoATA,  Boius,  n.  sp.  (PolygalaoMD-Polygales). 

If.  (§  Enmiinltia-GyniDooaipe  Ghodat)  peUdis  ligulaiit  cbtusis ; 
earina  heui  unguieuiaia,  lobU  expantis  subreniformibus,  petala  exee' 
dmu;  eapaula  obavata,  apiee  pUota  ciUataqWt  camtUnu  capatUa 
aquilongU;  temnibui  glabris  rel  pareiasime  pubesceniUnu, 

Fniliealiia  ereetus  viigafcus,  l-l^-pedalis ;  rami  paad  saBpias 
Bimplioee,  aracti,  teretes,  foliosi,  onm  foliis  moUiter  albo-pilo«i ;  folia 
seaailia,  ereetiascula,  pleraqoe  imbrioantia,  anguste  obloQg&,  rariua 
oUanoeoIata,  subobtoaa,  aupra  oanalionlata,  dorao  oarinata,  craaaa, 
minute  tuberculato-rogosa,  0*7-1*2  cm.  longa,  01-018  lata;  floveB 
sptoaki,  inter  majorea;  spica  interrapta,  8*6-10  cm.  loDga,  1-1*4  cm. 
lata;  sepala  oblonga,  lanceolatave,  acuta,  concava,  glabra,  sub* 
caimata,  leviter  nervosa,  0*4-0*5  cm.  longa ;  petala  lateralia  erecta, 
UDguioulata,  usque  ad  medium  coalita,  sursum  libera  ligulata  obtusa, 
intus  medio  pilosa,  0-65  cm.  lonj;a  ;  carina  0*8  cm.  louga,  e  basi 
unguiculata  sursum  in  lobos  subreniformes  0  5  cm.  ion^os,  0  3  cm. 
latos  expausa,  petala  paullo  excedens ;  cupsula  obovata,  ciliata, 
apice  pilosa,  cornubus  capsnla  snbirquilonj^'is,  tota  0*5  cm.  louga; 
semina  glabra  vcl  parcissime  pubcsceutia  cum  piiis  paucis  sparsa. 

Hab.  :  Cape  Colony,  Soutb-western  Kegion,  dislrict  Bredasdoq), 
on  hills  near  the  mission  station  of  Elim,  alt.  300  ft.,  July,  Bolua 
84G.S  ;  mountains  towards  Napier,  800  ft.,  Guthrie,  3767 !  hills  near 
Koude  River,  400  ft..  .April,  Si  hh'vJitvr,  1046S ! 

L»istinct  by  us  slt  uder  virgate  habil,  and  rather  large  flowers.  It 
seems  to  be  nearest  to  M.  thymi/oliaf  Thunb. 

FaoiULBA  BIOVUI.ATA,  BoloB,  n.  sp.  (LeguminoB8B«Galege»). 

Ps.  ovario  bioridato  (li.stincta,  ctiainqiie.  cxsti juduta. 
Fruticulus  gracilis,  decuinl)fns,  ramosus  ;  rami  ramuli(jue  patentes, 
graciliimi,  anguiati,  paucifoliati,  30-50  cm.  longi,  juniores  albo- 
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aerioei  dftirniin  glabroscentes ;  folia  exstipalate,  remota,  ngid»» 
appressa  vel  erectopatentia,  lineari-sabalata^  aonminata,  0*2-0-3  cm. 
longa,  margiiiibas  incurvis,  supeme  albo-aeiioea,  sabtas  glabra; 

flores  1-3,  in  ramulis  divaricatis  brevibus,  saBpius  terminales,  gemi- 
natique,  rarius  subracemosi ;  pedicelli  0-1-0-2  cm.  longi ;  bractea 

Bubiilata,  colorata,  jrquilonga ;  calyx  turbinatus,  externe  albo- 
sericeus,  minutissime  glanduloso-vittatus,  0  4  cm.  longus,  segmentis 
binis  posterioribus  alte  connatis,  ceteris  alte  fissis  lancolatis  acumi- 
natis,  tubo  2-3-plo  longioribus  ;  vexilluin  reniforme,  enuirginaiuin, 
unguiculo  brevi,  0  6  cm.  longum  ;  alai  obovatiE,  auriculatte,  vexillum 
paiillo  superantes  ;  carina  obtusa,  basi  auriculata,  calcarata,  vexilio 
paullcj  hrevior  :  ovarium  liinceolatuin  albo-sericeum,  2-ovulatuin. 

Hab.  :  CapL' Colony  ;  South-western  Region,  Bredasdorp  district, 
between  Elmi  and  ISapier,  amongst  bhrubs,  flowering  in  October, 
Bolits,  6902. 

An  interasting  species  diffaring  from  the  usual  genario  obsnelers 
by  its  SS-ovnled  OYary,  and  the  sbsenoe  of  stipnles.  The  translooent 
glandular  dots  aie  very  minnte,  bnt  may  be  deteeted  on  the  oalyr. 
It  may  be  plaoed  next  to  E,  ignuiBtima,  B.  Mey.,  from  ^vfaieh  it  is  at 
once  distingoishable  (besides  the  oharacters  given  above)  by  its  very 
short  pedicels. 

LicuTENSTBiNiA  KoiiBfiANA,  Bolus,  n.  sp.  (Umbeliiferse-ApioideflB- 

AmmineaB). 

L.  folih  circumscriptione  obUmgU  ovato-Uinceolatisve  bipinnaU'' 
par  litis,  pinmilis  iUrwn  tncitis  grotu  dentoHive;  frucHbut  com- 

jnrsso-globosis. 

Herba  perennis,  glabra  l^-3:^-pedalis  ;  radices  primariaj  3-4,  parte 
indivisa  ad  22  decim.  longa  vel  ultra,  0".S  cm.  crassa ;  caulis  erectus 
validus  sulcato-striatus,  infra  medium  raraosus,  subnudus,  bracteia 
2-3,  parvis,  membranaceis,  sursum  foliaceis,  pinnatipartitis,  donatus; 
rami  3-4,  subfastigiato-corymbosi,  apice  umbelliferi ;  folia  radicalia 
4-6,  procuinhentia  vel  laxe  adscendentia,  7-27  cm.  longa,  4-12  cm. 
lata,  petiolis  dilatatis  striatis  sul)amplexicaulibus,  2  6  4  cm.  lonf^is, 
ad  1  cm.  latis,  lamina  circumscriptione  oblonf^a  ovato-lanceolatuve, 
bipiiiiuitipiu  Lita,  pinnis  4-6-jugis,  pinnatitidis,  secundum  rbachm 
loDge  alato-decurrentibus  iucisisque,  pinnulis  oblongis  acutis  1'5- 
3  cm.  longis,  incisis  grosse  dentatiaYe  basi  late  decorrentibus ; 
nmbelltt  9-18-iadiata),  pednnenlis  frootifans  ad  6*5  cm.  longis, 
bfaotsis  6-6»  linearibiis  aonminatis  1-1*0  em,  longis;  «ft>lMiiifl% 
8-16-iadiatflB,  pedioeUis  fmotiferis  0*8-1  cm.  longis,  biaotsis  6-6; 
petala  basi  nngnioolata,  lamina  elliptica,  apioe  arete  defleza  longs 
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A0iimiiiate»  bMm  lero  tHiiigBntift;  inietas  mturos  saboompreaao- 
globoeos,  (nooitete?)  rogalonis,  ateo-bmnneiii,  0*4  om.  longos 
latas ;  eacpophora  bipartiia  pallida  (oetoria  generis). 

Hab.  :  Oape  Colony  (SoaUi-eastern  Region),  district  Kentaiii» 
amongst  grass  {FJrianthus  capensis,  Nees),  alt.  about  1,000  li. 
Dec.,  Miss  A.  Pegler,  No.  891 1  (in  taerbb.  £ew,  Berlin  and  my  own). 

Distinct  by  tks  maoh  divided  leaves  and  large  spreading  inflor- 
efloence.  The  species  is  dedicated  to  the  Rev.  F.  C.  Kolbe,  D.D.,  of 
Cape  Town,  who  has  distinguished  hinaself  by  his  love  of  Cape 
botany,  and  his  cnthusiastio  efforts  in  teaohing  and  spreading  a  lova 
for  it  amongst  others. 

Felicia  maritdia*  Bolus,  n.  sp.  (CompositsB-AsteroideeB). 

F.  foliis  alteriiis,  srmitcretihjis,  carnosis ;  capitulis  tertnitudibtu, 
tolitariis,  iO-Jioris  ;  involucro  ^-sn  into ;  achaniM  hispidvUt* 

Herba  sakuginosa,  bomilis,  decumbens  ;  rami  graciles  e  caudice» 
nunc  adscendentes,  nunc  patentes,  nodiis  radicantes,  glabri  vel  hi8> 
piduli ;  folia  altema  snbpanca,  adscendentia,  e  basi  dilatata  semi- 
amplexicaulique  scariosa,  lineari-semiteretia  vel  filiformia,  obtusa, 
carnosa,  015-0-35  cm.  longa,  0  07-0'12  cm.  crassa  ;  capituhi  ternii- 
nalia.  solitaria,  turbinata,  0  5  cm.  longa,  0*4  cm.  diam. ;  involucrum 
3-senatum,  squamis  oblongis  vel  oblongo-lanceolatis,  acutis,  intirais 
longioribus,  floribus  paullo  brevioribus  ;  fiores  radii  circ.  14,  ligulis 
albis  ;  iiores  disci  ciro.  25,  flavi ;  achcenia  bispidula,  pappi  setis  Bub- 
paucis,  barbellatis. 

Hab.  :  Cape  Colony,  in  sandy  ground  near  the  sea-shore,  inun- 
dated in  winter,  Maitland,  near  Cape  Town,  fl.  June,  coll.  A.  BoIm 
(lleil).  Xomi.  Austr.-Afr.,  1170;  herb.  Bolus,  6265  !). 

Allied  to  F.  jicoidea,  DC.  (also  a  halophilous  plant),  but  quite  dis- 
tinct by  its  slender  habit,  alternate,  obtuse,  narrower  leaves,  and 
acute  involucral  braota.  , 

"Frntamk  Flakaoanii,  Bolus,  n.  sp.  (Compositn-Asteroidee). 

F.  foliis  oppositis,  petiolatis,  ellipticis,  ocatisvc,  intcgris ;  pedun- 
culis  monocephalis ;  involucro  1-seriato,  squamis  pilosis;  floribus 
radii  12,  ligiUis  albis f  disci  ad  33,Jiavis  ;  achceniis  hisjndtdis  ;  ^appo 
1-seriato. 

Fruticulus  procumbens,  vel  dependens,  ramosus,  ad  25  cm.  longus; 
rami  oppositi,  graciles,  pubescentes,  paUidi,  in  pedunculo  mono- 
cephalo,  uudo,  pubescetite,  pallido,  pleroque  8-12  cm,  longo,  desi- 
nentes;  folia  patentia,  opposita,  petiolata,  petiolo  0*3-0-5  cm.  longo, 
lamina  elliptiea,  ovatave,  obtusa,  obscure  i^ioulata,  submembranacea. 
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pilosa,  supra  viridia,  subtus  pallidiora,  0*8-1*2  cm.  longa ;  capitula 
turbinata,  0*8-0*9  cm.  longa,  0*9-l*l  cm.  lata,  receptaculo  alveolato  ; 
involucrum  l-seriatum,  sqoamis  circ.  12-13,  oblongis,  linearibusve, 
acutis,  uen^atis,  pilosis,  pallescentibus,  fioribus  paullo  brevioribus ; 
flores  radii  circ.  I'i,  li<rnlis  albis  apice  3-dentati8,  flores  disci  circ.  33, 
flavi ;  achasnia  hispiduia,  pappo  1-aeriafco,  suboopioeo,  aetia  barbel- 
latis. 

Hab.  :  Cape  Colony,  South-eastern  Region,  district  Komgba 
Mooi  Plaats,  overhanging  precipitous  rocks,  alt.  1,000  ft.,  June, 

"not  common,"  Flanaijini,  1799! 

Allied  to  and  with  the  habit  of  F.  (Aster  pctiolatus,  Harv.  Thes. 
Cap.  t.  154),  but  distinct  by  its  opposite,  entire  leaves  ;  also  near  to 
the  south-western  F.  bracliyylossd,  Cass.  {Astrr  Ci/mbalaria  ,  Thunb.), 
but  the  habit  differs,  as  well  as  the  leaves,  and  the  longer  peduncles. 

Gymnostei'hium  lkvk,  Bolus,  n.  sp.  (Compo8ita}-Asteroidea^). 

Cr.  toll  is  altcrnis,  lincarihua  ;  invnincris  A-scrinlihiis,  scrie  iuteiiori 
€  Sfjuoinifi  13  condita  ;  florihus  radii  circ.  14  lilacinis,  puppo  plcroquc 
carcntihus. ;  Horibm  disci  fiavii,  plerisque  sUrUihus  ;  ^j)j)o  e  seUs 
panris  fhirhcllatis. 

Fruticulus  grEwiillimus,  erectus,  fere  fcotus  glaber,  l-  H-pedalis; 
cauk's  plerique  simplices  rarius  hasi  semel  raniosi,  leves,  pallidi ; 
folia  alterna,  sparsa,  linearia,  suhacuta,  subtus  1-nerva,  parte  inferiori 
ciliat;i  (lihitata  senii-iunplexicaulia,  2-3*5  cm.  longa,  vix  Q-l  cm.  lata; 
peduuculi  subuiuii  10-12  cm.  longi  ;  bracteis  2-3,  remotis,  fohaceis, 
minimis,  pra^diti ;  capitula  turbinata  vel  cyathiformia,  0*85  cm. 
longa,  apice  0*95  cm.  lata ;  involucrum  4-seriale,  serie  interiori  e 
squamis  13,  cuneato-oblongis,  obtusis,  levibus,  flavescentibus, 
obsonie  nenratis,  paroe  eiliatis,  oondita,  ceteris  pauoUmbns  sab- 
ftimilibus,  brevioribus;  receptacDlum  alTeolatom;  flores  radii  oiro. 
14,  ligulis  obloDgis,  tridentatis,  lilaoiois,  oiro.  0*7  om.  longis,  aoh«mto 
leribtts,  glabris,  pallidis,  pappo  pleroqae  oarentibns,  vel  rarius  setis 
3-S  ooroziatis ;  flores  disci  drc  60,  flavi,  plerique  storiles,  casu  tameo 
rarissime  Unas  altemsye  ferfeiles,  pappo  e  setis  paucis  barbellatis. 

Hab.:  Gape  Colony,  district  Oeies,  in  moist  grassy  or  marBby 
places  at  the  Gydonw,  alt.  8,100  ft»  Dec-Jaa.,  Bolm,  8625 1  HeibL 
Norm.  Austr.  kit,  1169 1  Konde  Bokkeveld  Moontains  near  Taod- 
fontein,  4,500  ft.,  Jan.,  ScKUchUr,  10141 1 

Lbtssbba  hontana,  Bdns,  n.  q».  (Oompositsft-Innloidee). 

L.  acaiiU-scoitc ;  pediincidis  vionoccplmlis ;  capitulis  campanth 
Litis;  iniolucri  bracteis  b-6-seriatis ;  receptaculis  epaleaceis  /oveo- 
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ioHs ;  rada  Jhrilnu  20-24,  disci  x  ;  pappo  e  setts  barbellaiis  11-15, 
corolla  tubum  aqitantibus,  peUeit  brevibtts  intermixtis. 

Fruticulus  humillimas,  aoattlescens  ?  (specimen  unienm  caudice 
carptum  ut  videtur  nec  radices  ostendit),  totus  cum  pedunculo  9  cm. 
altus ;  mmi  (duo,  in  exompl.  nostr.)  lignosi,  dense  foliosi,  circ.  2  cm. 
lonp  ;  folia  numerosissinui.  dense  conferta,  totum  caulcm  obtegentia, 
patentia,  oblongo-spathulatu,  ohtusa,  basin  versus  angustata,  sub- 
sessilia,  r3-l-8  cm.  longa,  sub  apice  0*2  cm,  lata,  subtus  obscure 
nervata.  !ana  donsa  alba,  intertexta,  omnino  vestita ;  pedunculi 
graciles,  nujuoc*  phali,  pilis  floccosis,  minimis,  paucis,  6  cm.  longi  ; 
capitula  cainpatiulata,  1'3  cm.  longa,  1-6  cm.  diam.,  involucrum  o-G- 
seriatmii,  bracleis  iiumerosis,  erectis,  appressis,  planis,  oblongis, 
anguste  ellipticisve  apice  angustatis  obtusiusculis,  scariosis,  exteri- 
orii)us  sensim  brevioribus  ;  receptaculum  epaloaceum,  fovt'olatum  ; 
Acres  radii  20-24,  flavi,  ligulis  oblongis,  obtuse  3-dentatis,  pappo  2- 
seriato  e  setis  11-16,  longis,  barbellatis,  coroIkB  tubum  cequautibus 
earn  polds  brevibos  intermixtis,  aohtBims  dense  pilosis ;  flotes  disei 
flavi,  ac,  pappo  aohsniisque,  ut  in  $ . 

Hab.  :  Gape  Colony,  South-western  region,  distriot  Worcester,  on 
the  Malrooeberg,  alt.  oirc.  6,500  ft.,  fl.  Jan.,  A,  Bolus  (6367 1  in  my 
heib.). 

This  species  is  interesting  as  an  example  of  a  moontain  form,  or 
of  wbtA  is  often  caUed  an  *'  Alpine  "  form  (an  objectionahLe  term,  as 
I  venture  to  think,  beoanse  of  its  ambigoity  as  leading  to  a  possible 
oonoeption  of  the  Alps  of  Boiope).  While  very  near  its  congeners 
in  general  straotore,  it  is  completely  diffinent  in  habit  from  them  all. 
On  the  same  mountain  (the  loftiest  in  the  South-western  region  of 
South  Africa,  and  attaining  a  height  of  7,400  ft.),  several  other  plants 
of  a  similar  habit  have  recently  been  found  by  Dr.  B.  Marloth,  who 
has  published  an  interesting  paper  on  them  in  the  Transactions  of 
this  Society,  vol.  xi.,  part  3,  pp.  161-168,  with  several  illustrations. 
One  of  the  species  figured  {Felicia  bellidioidcs,  Schltr.),  though  a 
herb,  very  much  resembles  the  present  species  in  habit.  I  have  but 
one  specimen  of  the  latter,  which  seems  to  have  been  broken  off 
just  above  the  collar. 

Phtmasfhbmuk  appbbbbum.  Bolus,  n.  sp.  (GompositaB-Anthemidee). 

Ph.  foliia  arete  appressis,  ovatis,  cmjjidatis,  minimis ;  capitulis 
terminaiibus,  hemisphcericis  ;  involneri  squamis  i-serialibust  glabris  ; 
reeeptacuJo  eonvexo  ;  fioribut  radU  10-14,  disci  40-50. 

Soffratex  ereetus,  ramosus,  2-4-pedalis;  rami  adscendentes» 
tennes,  foliosi,  nervis  foliomm  decurrentibus  striati,  tomentosi^ 
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inferioribus  sterilibus,  abbreviatis,  0'7-l'5  cm.  longis,  foliis  imbri- 
catia  dense  vestitis,  superioribus  florigons  olonrjatis,  5-10  cm.  longis, 
foliis  remotioribus  usque  ad  basin  capitulorum  ;  folia  sparsa  saepe 
gemmifera,  sessilia,  appressa,  ovata,  crassa,  glabra,  nitida,  juniora 
acuta,  vetustiora  denunu  longe  cuspidato-acuiuiuata,  0-2-0"4  cm. 
longa,  cuspidibus  memhranacois,  setiformibus,  brunneis,  laminam 
aequantibus  vel  excedentibus,  subtus  3-nerva,  neivo  medio  pro- 
niintiue,  incrassato,  longe  decunente,  norvis  lateralibus  nunc 
obscuris  nunc  etiam  incrassutis  docurrentilnisque  ;  capitula  in 
raimilis  superioribus  nunc  brevil)us  nunc  elongatis,  tcrniiiialia, 
solitaria.  corynibos  irregulares  laxos  mentientia  ;  involucrum  henii- 
sphunicuni,  squamis  erectis,  imbricatis,  4-seriulibus,  glabris,  siccis, 
rigidc  papyraceis,  pallidis,  exterioribus  brevioribus,  ovatis,  sub- 
obtusis,  cariuatis,  iutcrioribns  oblongis,  basi  calyculatum,  0*7-0*8 
em.  longnm  el  latum;  xeoeptMolum  eoamimD,  pilis  breTiaomis 
MiMsolatiB  paroe  apantim ;  florea  radii  l-eeriales,  oina  10-14,  ligulia 
oblongis  albis,  0*7  om.  longia ;  fl.  diaei  ^ ,  oa.  46-60,  6-lobi,  tabo 
glanduligero,  flavi,  0*8  om.  loogi,  atyli  (nmeati,  brerritor  oiliolati 
fimbiialaTe;  aohgpia  oylindrioa,  10-ooatiilata»  glanduloaa,  pallida, 
0*2  om.  longa ;  pappuo  aubimlliia  to!  ooatalia  in  dentiooloa  braria- 
aimoa  prodnotis. 

Hab.  :  Gi^  Gdony:  8oaih-weateni  Begion ;  rooky  monntain-aide 
on  the  ZwMrlbeig  Faaa,  diatr.  Piinoe  Albert,  alt  about  4,700  ft., 
060.  (1904)  H.  JBolm,  11661. 

Distinot  by  ita  peonliar,  very  small,  appreeaed,  ovate,  thick  leavea. 
In  other  reapeota  it  may  be  near  tbe  little-known  Ph,  junceum  Leas. 
{Osteosperttnnti  junceiim  Tbunb.),  wbicb  does  not  seem  to  have  been 
ooUeoted  ainoe  Thun berg's  time,  and  (aooording  to  TTarvey)  ia  now 
only  represented  in  his  herbarinm  by  a  very  poor  deflorate  specimen. 
In  habit  it  bears  some  resemblance  to  Ph.  acicidare  {locaste  aciculani 
E,  Mey,),   The  plant  was  somewhat  abundant  where  found. 

OBTBOBPBBMTJif  TBIPINK4TVM,  Bolus,  u.  8p.  (OompoaitsB-Galendulen). 

O.  foliis  S-piniuitijuntiti.s  ;  rapitulis  paucis,  Jaatiyiato-cui yvibosm 
ill  jidJmiculis  suhli'tujis  ptiiicifoJiaUH  vel  siibntidis  ;  ijivolucri  squninis 
2-3-serialil)iis,  Itiucrolatis  ;  jluribus  radii  16-20,  dUci  co ;  aclueniu 
tcrcti-chiratis,  rrrn(cositlis. 

lierba  iignosa  vel  liuLiculus  erectus  nunosus.  verisimilit^r  2|- 
pedalis  vel  ultra ;  caulis  validus,  striatus,  rugosus,  pallidus,  0  5  cm. 
orassus,  cum  ramis  ramulisque  pills  rigidis  patentibus  hir^utus; 
rami  paoci  adacendentea  Idioai,  superiorea  in  oorymbis  pauci- 
ramoaia,  auUaatigiatia,  d-8-pedunenlatia,  deainentea;  folia  altema 
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patentia,  sessilia,  semiamplexicaulia,  circumscriptione  laiicoolata, 
2— 3-pinnati-partita,  3-5,  usque  ad  7-5  cm.  longa,  ad  3  cm.  lata, 
rhachi  hirsuta,  se'^inentis  j)iirce  pubescentibus  forte  viscidulisque, 
pinnis  irregulariter  dispositis,  iina  Ijasi  simplicibus  brevissimis, 
stiperioribus  pinuulatis,  ad  1*5  ctn.  longis,  piniiuiis  nunc  linearibus 
siuiplicilius,  nunc,  in  foliis  niujdi ihus,  incisis.  lobulis  ultimis  semper 
linearibus  acutis ;  pedunculi  monocophali,  5-9  cm.  iongi,  bracteia 
1—2,  minimis,  foliiformibus ;  capitula  subhemisphajrica  0*8  cm.  longa, 
1  om.  diam.,  involucri  squamas  25-30,  ereoUe  pleresque  2-,  rarius 
ftttb  S-«ena]fle,  JanoeolAte.  aont®,  rigidaB,  ezterne  soabrido-puberalie, 
palUds,  0'5-0*6  om.  longsB ;  flozee  ndii  oim  18,  ligulis  angostis, 
0*8-0-9  om.  longis ;  fiom  disei  oo ;  aohania  olavata  obsolete  tri- 
qnetra,  transverse  yerraoosolo-nigosa,  bnmnea,  0*4-0*48  om.  longa. 

Hab.  :  Qriqnaland  West,  Kalahari  Begbn,  **  near  the  Kloof  Village 
in  the  Asbestos  Moantains,  September  36,  1811/'  Burehell,  1670 
(aocording  %o  N,  M,  Brown,  Kew) ;  near  Griqnatown  (within  forty 
miles  oi  the  first-named  station),  sent  hj  Mrs,  Orpmi  in  1878, 
No.  8308  in  my  herb. 

This  is  very  distinot  hmm  any  species  known  to  me.  In  its  much 
ent  leaTCB  it  approaches  to  0.  tanacctifoUum  MacOwan,  bat  in  other 
respects  not  only  the  leaves  but  the  habit  and  inflorescence  are  very 
difierent. 

Bbioa  milawjiana,  Bolus,  n.  sp.  (§  Ceramia). 

E.  foliis  i-nis ;  jioribus  tenniiialiba.s,  4-nis  ;  corolla  ci/ittJiiformi, 
secjmcntis  ercctis;  filamentis  linearibus  UUitudim oqucUibus ;  arUherit 
exsertis,  inuticis;  ovariis  scriccO'ianati.'i. 

Rami  diffusi,  gracillimi,  glanduloso-hirti,  cum  pediccllis  ferruginei, 
20-25  cm.  longi ;  folia  subdensa,  patentia,  4-na,  elliptico-oblonga, 
utrinque  angustata,  acuta,  plana,  inarginibns  reflexis,  minute  hispi- 
dula,  distanter  glanduloso-ciliolata,  sul)lus  {)cUlidiora,  O  -i  cm.  longa  ; 
flores  terminales,  4-ni ;  pedicelli  gracillimi,  patentes,  tlexuosi,  gUindu- 
loso-hirti,  0-6-0-7  cm.  longi ;  bracteolte  subapproximatae,  lineares, 
minute;  sepala  subulata,  acuta  vel  acuminata,  oiliolata,  colorata, 
01  om.  longa ;  corolla  cyathiformls,  viz  vel  non  apioe  coutracta, 
glabra*  rosea,  0*26  cm.  bnga,  limbi  segmentis  erectis,  late  rotundatis 
longitodine  tertiam  partem  tubi  aqnantibos;  filamenta  linearia, 
e  basi  snrsnm  aaqnalia ;  anthersB  ezaerte,  laterales,  oblong»,  obtuse, 
mntice,  0*09  cm.  longe,  poro  duplo  longiores ;  stylus  longe  exsertus, 
validns,  snrsum  gradatim  angustatus ;  stigma  capitellatum ;  ovarium 
serioeo-lanatum. 

Hab.  :  British  Central  Africa,  Milanji  Plateau,  coll.  T.  MeChunie 
^  herb  Kew). 
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Most  nearly  allied  to  K  tenmpes,  Guth,  and  M.,  oC  the  Soalli- 
Weskeni  Gape  Flora,  differing  by  ita  4-nate  lesvee,  more  strictly 
oyathifonn  ooroUa  (t.a.,it8  ereet,not  subreonrved,  segments),  broader 
filaments,  more  exserted  anthers.    It  is  also  near  to  E.  planifoUOf 

linn.,  and  to  I-!,  tliiimifolia,  Wendl.,  differing  from  the  former  by  its 
exserted  antiiers,  from  the  latter  by  the  shape  of  its  corolla,  its  fila- 
ments of  equal  width,  mntiooos  anthers,  and  from  both  by  its  i-nate 
leaves. 

Gnidia  pllvinata,  Bolus,  n.  sp.  (TbymelsacesB). 

G.  ftoribus  termin^ilibus,  subglomeratis,  exinvolueroHs ;  cahjn^ 
scgnientis  rcflcxis,  ovatis  lanceolatisve,  acutis;  petalia  e  pulcinulis  4, 

pj'ocessihus  crrciis  filifonnihus  cum  jnlts  intermixtis  praditis, 
puhillum  auimlarrm  o.stiuin  tuhi  fere  clandentem  cfTommntibus ; 
antheris  siipe^rioribus  catsis  minimis,  in/erioribus  per/ecti*  multo 

major  ihus. 

Fruticulus  3  1-pedalis ;  rami  diffiisi,  rigidi  ;  pubescentes,  cito 
glabrescentes,  cinerei,  cicatricoso-tiiberculati  ;  folia  conferta,  opposita 
vel  subsparsa,  juniora  suberecta  inibricata,  vetustiora  incurvo- 
patentia,  anj^uste  lanceolata,  longe  alteruiatu,  obluse  acuta,  coriaceu. 
baud  pun<;('ntiii,  transverse  rugulosa,  luiimte  tulierculosa,  juniora 
dense  pilosa,  demuin  glaljrescentia,  1-1-4.  cm.  longa,  0  2  cm.  lata; 
fiores  terminales,  iu  glomerulis  3-5-floris,  exinvolucrati,  sessiles ; 
calycis  tubus  subgracilis  fauce  ampUatus,  tomento  denso  subinter- 
texto  yestitas,  1-1*3  em.  longus,  0*1-^*13  em.  diametro,  segmentis 
reilexis,  e  baei  lata  ovatia  lanceolatisve,  acutis,  utrinque  tomentosis 
supra  demum  glafaiesoentibus,  soidide  purpureis,  0*6  em.  longis, 
0'26  em.  latis;  petala  e  pnlvinulis  4-prominnlis,  erasais,  camosis, 
glabris,  nitidis,  in  fauoe  tnbi  sitis  orta,  multipartita,  segmentis  erecds 
filiformibus  brevibos,  nnmevoeissimis  ezterioribns  gradatim  min- 
oribos,  pilis  albis  serioeis  longioribus  intermixtis,  totns  pulvillnm 
annularem  densum  effonnans;  anthene  inferioree  perfeote  mnlto 
mijores,  snperioribus  cassis. 

Hab.:  Cape  Colony;  Bredasdorp  Division,  on  the  mountains 
between  Caledon  and  Elim,  alt.  about  600  ft.,  Oct.,  Bohu,  9S88I 
near  Kuude  River,  1,000  ft.,  Deo.,  Schlechter,  9619 ! 

In  habit  and  general  appearance  near  to  G.  scnJ^riJa,  Meisn.,  and 
G.  pubeteentf  Berg.,  but  differing  from  both  in  floral  characters. 

Stbuthioia  LiPTAiiTBA,  Bolus,  u.  sp.  (Thymsleaoee). 

S,  foUis  oppotUu  ;  ftonbna  axiUaribuB  ;  calycis  segmentis  oblongis 
acutis :  petalia  bipartitia  segmentia  erectia  aubuiatia  aubobtuaia 
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camosis,  pilis  copiosis  aquiUmgii  oircumdaHa;  antherii  in  mmma 

fauce  tubi  sitis  inclusii  aciUu, 

Fruticuliis  erectus  ramosns,  2-3-pedali8 ;  rami  erecti  patentesve, 
rigidi,  puberuli.  u'lahroscontes,  cinerei,  interdum  cicatricibus  folionim 
delapsorum  proniiiuilis  iiotati ;  folia  opposita,  putcntia.  vol  erccta 
imbricataqiie,  linearia  vol  anguste  oblaiiceolata,  subaciita,  coriacoa, 
rigida,  glabra,  ciliata  vel  rariiis  Huhiuula,  supra  concava.  stibtus 
trinervia,  0-7-1  cm.  longa ;  tlores  axillaros,  crecto-pateults,  in 
raiiiulis  superioribus  laxe  dispositi ;  calycin  tubus  "gracilis,  rectus  vel 
decurvus,  anipliatus,  pilis  albis  scriceis  appressis  })ube8cens,  sa^pius 
1'5-2"1  ctii.  lougus,  vel  rarius  in  cxemplaribus  nonuuUis,  iL-paupe- 
ratis,  0-5-1  cm.  lougus,  0-04-0  05  cm.  diametro,  su^nnoutis  patcntibus, 
demuxn  ssepius  reflexis,  oblongis  acutis  vel  subulatis  acuuiinatis, 
sepe  subiDaBquaiibus,  0*25-0-35  cm.  longis ;  petala  bipartita,  seg- 
mentis  ereotis,  snlnilAtis,  subobtusis,  camosis,  oiroa  0*15  cm.  longis, 
pUk  bualibos  oqpioais  seriiwte  albis  asqiiiloiii^  olraiiiiidatis ;  anthem 
in  &tioe  smnma  tubi  site,  induaa,  BabiiUite»  acute;  stylus  labo 
oalyeb  dimidio  brevior. 

Hab.  :  Gape  Oobny ;  Namagnaland  Minor,  near  Ooldep,  3^300  ft., 
Sept.  Botm  (No.  688  of  Herb.  Norm.  Aott-Afr.);  OlanwiUiam. 
Blaaawbeig,  Aug.,  SokUehtgr,  8488 1  Pikenier's  Kloof,  860  ft.,  id,, 
49881  Oahrinia  DiTiakm,  near  Nieawondtville,  C.  L.  Leipoldti 
lialmeabozy  Bivinon;  Gxoene  EIool,  800  ft,  Oet.,  Bolm,  43221 

BuLOPHU  VLkKkQAxm,  Bolae,  n.  sp.  (Ovshidaeee-Vandee). 

E.  foliis  syantlnis  angustis,  2i^f(i^i^  super  labcllum  dcflcxis,  labdli 
lobo  intermcdw  truncato  retnsovc,  calcarc  ovato  brevi,  pollinLum 
ttipitibus  (jlnndulisque  [an  semper  .^)  discrctis,  ovario  apodo. 

Herba  gracilis  erecta,  glabra,  1  J-H-pedalis ;  folia  circa  4, 
synanthia,  rigida,  liiieari-ensiformia,  aruniiuata,  inuliiucrva,  25-35 
cm.  longa,  0-3-0-7  cm.  (saupius  0-3-0-4  cm.)  lata  ;  scapus  rectus 
subflexuosusve,  striatus,  0'2-0-25  cm.  diametro,  foliis  longior,  vaginis 
4  appressis  acutis  vel  acuminatis  multinervis,  stramineis  vestitus, 
inferioribus  5  om.  longis,  superioribus  sensim  brevioribus  ;  racemus 
fnUaxoa,  sobeeeondns,  12-20-fl.,  braoteis  oYatia  aomninatis,  in- 
fsnoriboB  1  em.  longis,  superioribiu  aenaim  bcerioribas;  sepala 
patentia  gqnalia,  oblonga  breviter  aeuta,  gUneo-vireaoentia,  0*9  em. 
louga,  0*26  em.  lata ;  petals  soper  labellnm  defleza,  oUonga,  apien- 
lala,  liladna,  sepalia  sqnilonga,  0*4  em.  lata ;  labellum  poneotom, 
eimeatnm,  3-lobam,  liladnnm,  sepaliB  aaqnilongnm,  lobis  lateraUbns 
abbreviatia  intermedio  mnlto  majore  qnadzato  sabtrunoato  vel  leviter 
letiUK),  apiee  0*6  em.  lafto,  in&a  apieem  papiUia  aetifoimibtia,  aoomi- 
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natis,  hyalinis,  in  fascioulo  quadrato  confertis,  basin  versus  papillis 
brevioribus  in  seriebus  tribua  dispositis,  ornatum  ;  calcare  ovato, 
0*2  cm.  longo;  columna  sessilis,  oblonfja,  subtetragona,  nec  in  pedein 
basi  proflueta  ;  pollinia  in  stipitibus  oblongis  discretis  inter  se  paullo 
distantibus  per  iilum  exteDBivom  afiixatglandolisovatis  (an  semper?) 
discretis. 

H.VH. :  Cape  Colony,  Kom*:,»ha  Division,  on  grassy  slopes  near  the 
mouth  of  the  Kei  liiver,  alt.  200  ft.,  fl.  Jan.,  Flanagan,  1029  (in  herb. 
Kew,  Bolus,  etc.) ;  mountain  slopes  near  Queenstown,  alt.  4,000  ft., 
fl.  Jan.,  Galpin,  1713 !  Eland's  Hoek,  near  Aliwal  North,  aU. 
4,500  ft.,  F.  Bolus  (No.  10544  in  ray  herb.). 

Described  from  living  specimens  of  Flanagan's  No.  1039.  The 
colour  of  the  sepals  is  cold  pale  green,  somewhat  livid,  faintly 
mottled,  the  petals  and  lip  pale  lilac  with  purple  edges  near  the 
apex.  The  separation  of  the  stipites  and  glands  of  the  pollinia  may 
be  a  sport.  T  have  not  observed  it  before  in  any  other  species,  but 
found  it  identical  in  two  tlowers  of  Flanagan's  1029,  dissected.  The 
species  resembles  E.  laxiflora,  Schltr.,  but  is  distinguishable  by  the 
absence  of  any  chin  or  projecting  foot  at  the  i)ase  of  the  column,  as 
well  as  by  colour  ditlerences.  In  some  of  the  Eulophi^  the  colours 
of  the  flower  vary  considerably,  especially  in  the  lip,  and  too  much 
reliance  must  not  be  placed  upon  them ;  in  others,  especially  the 
unicoloured  species,  there  seems  to  be  Utcle  variation. 

Mystaqxoium,  LindL 

{Note  on  the  8*  African  epeoies  of  Ihk  fftmt.) 

In  my  Icones  Orchideartm  Austro-Africananm,  under  t.  7 
{Angrcecum  Gerrardii  miht),  I  endeavoured  to  show  that  the  genus 
Mystacidium  should  be  lestrioted  to  those  plants  having  the  peculiar 
bwded  appendages  to  the  rostellum,  which  were  described  by 
Lmdley  in  establishing  tliu  genus  (Camp,  to  Bot.  Mag.,  v.  2,  206). 
These  appendages  being  often  of  amall  Biie,  and  aAtadhed  to  an 
organ  which  generally  loses  its  shape  in  dried  speoimens,  hsfe 
possibly  been  orerlookad  by  Bnzopean  botanists,  or,  if  seen,  hafo  not 
been  regarded  as  ci  generio  importanoe.  In  respect  to  this  genns 
and  Angnsomn  (as  well  as  to  other  aDied  genera),  great  difEBranoes  of 
opinion  hm  sristed  among  orohidologists,  and  mneh  inoonvenlsnoe 
baa  lesolted  therefRm  In  the  desure  to  refrain  as  far  as  possible 
from  adding  to  this,  I  have  reconsidered  the  oooxse  adopted  in  the 
worir  first  above  cited,  and  have  eondnded  that  it  would  be  better  to 
change  it.  The  chief  cbaraeters  adopted  by  Pfitser  ^  NaUtrlioke 
PflangenfamUien,  H.  6.  214,  216),  and  by  Bolfe  Qn  the  Fkfu  of 
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Tropiodl  Afiriea,  iroL  7,  188,  169),  m  diatingnishipg  Mysteddiaiii 
horn  Angneoum,  Are,  th«A  the  former  has  flowers  with  the  two  poUinia 
on  two  distiiMt  stipes,  eeoh  with  a  separate  gland ;  while  the  latter 
hae  two  pollinia  on  a  single  stipe  and  gland.  These  oharaoters  have 
the  merit  of  deaiDMs;  and  I  have  no  soffioient  reason  to  doubt  their 
conatanoy,  tiH>agh  I  am  wider  the  impression  that  I  have  seen 
flowers  of  M.  fiUoonu  with  a  single,  or  two  very  closely  approximate, 
glands.  I  propose  now  to  follow  these  authorities,  and  the  more 
willingly  since  this  arrangement  will  probably  be  adopted  in  the 
continuation  of  the  Flora  Capensis,  The  result  is  simply  to  enlarge 
the  limits  of  Lindley's  Mystaoidium ;  while  the  peculiar  oharaoter 
whioh  he  had  in  view  might  with  advantage  be  need  as  forming  the 
seelion  Enmystaoidinm.  The  South  Airioan  qpeoies  at  present 
known  woold  then  be  arranged  thus : — 

1.  MTBxaomnJM  filioorne,  Lindley,  in  Comp.  to  Bot.  Mag.,  2,206; 
Thesaur.  Ctap,  2,  t.  176 ;  Bolus,  Icon.  Orch.  Aust.-Afr.,  t.  55. 
{Epidendrum  capeiisc,  Berg,  Descr.  PI.  Cap.  (1767),  347  ;  Linn,  f., 
SoppL  (1781),  407.  Lumdonim  longicome,  Thunb.,  Prodr.  (1794),  3  ; 
Swarts,  in  Scbrader's  Journ.,  Bot.  (1799),  280.  Eulophia  longicomiSt 
Sprang.,  Syst.  Veg.  (1826),  3,720.  Angrctcum  capense,  Lindl.,  Gen, 
Sp.  Orch.  (1833),  248.  Asmnthua  filioonUt,  Beiohb.  fiL,  in  Walp. 
Ann.  (1861),  6,900.) 

2.  M.  gracile,  Harvey,  Thes.  Oap.  (1863),  2,  t.  174 ;  Bolus,  leon. 
Orch.  Au8t.-Afr.,  t.  56. 

3.  M.  posilfaun,  Harvey,  Thes.  Gap.  (1863),  2, 1.  173;  Bolos,  U., 
167. 

4.  M.  Gerrardii,  Bolus,  in  Journ.  Linn.  Soc.,  vol.  25  (1889),  187. 
Aeranthus  Gerrardii,  Reichb.  f.,  in  "  Flora'  (1867),  p.  117.  Angracum 
Gerrardii,  Bolus,  Icon,  Orch.  Aust.-Afr.,  v.  1  (1893),  t.  7. 

'  6.  M.  Peglene,  Bolus  (see  below). 

6.  M.  Caffinim,  Bolos  {Angraeum  caffrum.  Bolus,  loon.  Oreh. 
Aust.-Afr.,  t.  8). 

7.  M.  Millari,  Bolus  (see  below). 

8.  M.  Flanaganii,  Bolus  (Angracum  Flanaganii,  Bolus,  loon.  Oroh. 
Anst-Afr.,  t.  62). 

BosteUnm  viih  two  bearded  appendages  ($  Eumystaoidiom  Pfitzer,  amendiBd) 
Sepals  and  ptials  nearly  equal  and  all  aoule  m  aonmfaate. 

^or  of  the  lip  8-5-5*2  cm.  long ;  leaves  3  -9  cm.  long    . .  fikome,  Lindl. 
„      „      ,,  8-3-.5  cm.  long ;  leaves  3-8*8  om.  long     ..  gracile, 

PMaleoMaee,  shorter  than  the  sepals   ptotiiutH,  Harv. 

Boitellinn  aaked  ({  Chmphooentrum,  P/uzer). 

Lip  trowel-shaped,  spar  falcately  incurved  Gerrardii,  Bolas. 

Lip  iao'shaped,  spar  slightly  monrved  •   Peglerat  Bolus. 
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Lip  ovate,  obtnse,  in  length  about  1|  tlmM  111  bniadth, 

Hptir  about  as  long  as  the  ovary   CafTrum,  Boius. 

Spur  about  twice  aa  long  as  the  ovary   MUUiri,  Bolus. 

L^ov»to-k]ieeolate,aeate,  length  aboatS|tfiiiM  its  Fkma§amH,BtitaL 


Mystacidium  Pegleba:,  Bolus,  n.  sp.  (Orchidacetc-Varuk-ic). 

M.  f§  Gomphooentmm)  srjialls  lateralihus  lanceolatis,  impart 
obkmgo  obtuso,  inter  sc  subceqitiloiigit ;  pctaiis  rhomboidcis  \  labelh 
arcitato-deplexo  tubflahclliformi,  obscure  trUchitJato,  upai/it  dimidio 
longiorc,  calcare  cylindrico  qiiam  lamifia paullo  lojigiore. 

E pi phyta  glabra ;  radioes  aerales  filiformcs,  0*15  om.  orasue  ;  caulis 
validus  foUatas,  vaginis  nervoris  foUorum  delapsorum  vestitus,  5-6 
cm.  longas ;  folia  distioha,  ereoto-patontiai  ligulata,  inaequaliter 
biloba,  lobuiis  obtusis,  basi  angnsteta,  semiamplexicaulia,  coriaoea, 
3-5  om.  longa,  0*7-1  cm.  laia;  raoemi  squarroso-patontes ;  rhaehia 
fractiflexa,  5-6-flora,  4-5  cm.  longa ;  flores  erecti,  albl ;  aepala 
lateralia,  patentia,  oblaaoeolata,  acuta,  0*26  cm.  longa  ;  sepalnm 
impar  erectum  oblongum  ovatumve,  obtusnm,  quam  latcralia  paullo 
brevius;  petala  erecto-patentia,  rhomboidea,  angulis  rotandatis,  018 
em.  longa,  017  cm.  lata;  lahelinm  anmato-deflexum,  subHabelli- 
lorme,  angulis  rotundatis,  maigine  antico  obscure  3-lobo,  lateralibus 
aubundulatis,  tota  lamina  mann  ezplanata  0'36-0'4  cm.  longa,  baai 
in  calcar  dependens  8ubincur?iUii  cylindrioum,  0*5  cm.  Imigun, 
0  075  cm.  crassum  productum  ;  columna  decurva,  oblonga,  emar- 
ginata ;  rostellum  deflexum,  lanceolatum,  acutum ;  poUinia  glc^boaa 
in  stipitibus  capillaoeis  atiixa,  glandulis  ovatis  minimis. 

Hab.  :  Cape  Colony,  South-eastern  Region,  district  Kentani,  in  a 
forest  near  Kentani,  on  trees,  all.  1,000-1,200  it.,  Feb,,  Miu  A, 
Pegler,  No.  993  ! 

Described  from  dried  specimens  and  ficsh  lUnvcis  pnserved  in 
formalin.  In  general  appearance  this  mosl  nearly  resembles 
21.  cdjf'rum  viifti  (see  not(!  above),  but  is  well  distinguished  by  its 
smaller  llowers,  ditl'erent  sepals  and  petals,  and  more  especially  the 
lip.  I  am  inilebted  for  this  and  many  other  good  things  to  Miss 
Pegler,  who  has  nia<le  excellent  collections  in  the  neighlx)urhood  of 
Kentani,  a  district  hitherto  very  little  explored.  To  her  we  owe  the 
detection  of  Dciiiiatobotrys  Sauiukrsii  viihi  (hitherto  only  known 
from  Natal)  within  this  Colony,  and  the  rediscovery  of  Sta-ngeria 
Kat~rn,  Megelf  the  native  station  oi  which  was  previously  un- 
known. 


Digitized  by  Google 


Ooniributioru  to  the  African  Flora. 


147 


MTBTAonnuic  bullabz.  Bolus,  n.  sp.  (OrohidaoMB-VaDdee). 

li.  (§  Gomphooentram)  aepalo  impart  oblong obtiuMimrotimdaio, 
comanOt  Inm  dente  in  uiroqus  margine  aueto  ;  peUUis  ovaH$  ;  laMU 
lamina  ovata,  obtutat  calcarB  bati  inflaio  deinde  cylindrieo,  tenttm 
atiennaiOt  qwm  lamina  ^^plo  kngiore, 

Epiphyta  oanlesoens  i^abia;  radiods  aenJes  0*23  om.  oraaan; 
OMilia  Talidos,  (y^^6  om.  oraasns,  vaginia  foliomm  delapsonim 
Teetitna ;  folia  2-8,  pleraqne  apioe  caulia  oonfertoi  ereoto-patentia, 
llgnlata  aabimdiilata,  inaBqualitor  biloba,  lobia  angostatia  tabobtoaia, 
medio  nervo  depreaso  perouraa,  ooriaoea,  8*6  cm.  longa,  1*4-1*6  cm. 
lata ;  raoemi  aquanoai  aabrecti  rigidi,  7-10-flori,  2-4  om.  longi ;  florea 
plenqiie  oreoti,  albi;  pedioelU  cum  ovario  0*8-0*9  om.  longi;  aepalft 
lateralia  patontia,  oblongo-oUanoeolata,  aabaonta,  0*6  om.  bnga, 
parte  latiore  0*22  om.  lata;  aepalam  impar  ezeotam,  oblongmn, 
obtoaiBaimqm,  saboonoavun,  baai  dente  in  ntroqne  margine  anotnm, 
0*6  om.  longnm,  0*45  om.  latum ;  petala  ereoto-palentia,  oblique 
ovata  anbaenta,  sepalia  panllo  breviora,  0*S2  em.  lata;  labelli  lamina 
ovata,  obtoaa,  oonoaTa,  apioe  deourTa,  petalia  flBqaUonga,  oaleaie 
baai  inflate,  deinde  oylindrioo  inearvo,  2  om.  longo;  oolmmia  de- 
enrva,  oblonga  vel  subrhomboidea,  infra  medium  dilatata ;  polUnia 
lentionlaria,  in  atipitibua  filiformibos,  glandnlia  ovatia;  roatellmn 
ezappendionlatum. 

Hab.  :  Natal,  near  Durban,  on  trees,  ait.  500  ft.,  fl.  Jan.,  GolL 
A.  D.  Millar  (Natal  Gov.  Herb.,  No.  8437). 

Deaoribed  from  freah  specimens ;  flowers  white.  In  the  general 
appearance  of  the  flowers  this  resembles  M.  gractie  Harv. ;  but  the 
shape  of  the  perianth  segments  and  the  nude  rostellum,  show  it  to 
be  quite  distinct.  I  can  find  nothing  like  it  amongst  the  tropioal 
Mystaoidia  in  the  Flora  of  Tropical  Africa, 

HoLOTHSEZ  GuLVBBi,  Bolua,  n.  ap.  (OrohidaoeiB-Ophrydee). 

H.  (S  Trffphia)  spica  demo  multiflora  ;  sepalie  lanceolaiie  aeutie,  m 
var.  lateraUbus  ban  cakaratis ;  petalit  oblongis  aetUit,  quam 
sepala  dimidio  lon^ribut,  duplo  laUor^tu ;  laheUo  tubquadrah, 
94obulato,  vel,  in  var.  /3,  kbuUt  UUeralibue  cofrenHbm, 

SV>lia  radioalia  2  (?),  unionm  tantum  visum  emaroidum  oratum ; 
scapos  ereetuB  graoilis,  vaginulia  remotis  ereotis  lanoeolatia  aoumi- 
natis  ariatulatia  membranaoeia  vestitus,  basin  versus  retrorse  pilosus 
sursum  glabresoena,  ad  12  om.  altus;  spioa  oylindrioa,  dense  multi- 
floia  (SO-60-fl.),  4-5  om.  longa,  0*8  om.  diam.,  floribus  quaquaversis 
(vel  inteidnm,  ex  ooUeotore,  seoundis) ;  braoteaa  lanoec^atie  aoumi- 
nata,  inferiocea  ovario  paullo  longioies,  snperiores  br^ores ;  sepala 
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lateralia  oblanceolata,  dorsale  oblongum,  0*22  cm.  longa ;  petala 
paftenti-reflexa,  oblonga,  acuta,  0  31  cm.  longa,  qtiam  sepala  da^o 
latiora,  cum  labello  minute  papilloso-scabrtuscula ;  labellum  sab- 
quadratimi,  3-lobum,  lobulis  lateralibus  patentibns  dentiformibus, 
Tel  in  var.  ft  omnino  oarentibus,  lobo  intermedio  molto  majore, 
sabtrulliformi,  breviter  acuto;  supra  basin  angustato,  marginibos 
eleganter  curvo-ampliatis,  tota  lamina  0*35  om.  longa  el  lata,  \mA 
In  oaloar  subreclum  acutum,  0' 15-0*2  om,  longum,  prodnete; 
oolnmna  ovalis ;  pollinium  oaudiculffi  brevissinuB,  glandnlit  diiereln 
Tel  (ex  ooUeotore),  file  extensivo  oonnezis. 

Var.  /3,  Integra;  sepalls  latoralibas  cftloanliB;  labelli  lofafolii 
lateraliboB  ouentibafl;  oetaris  nt  in  typo.. 

Hab.:  TnmvwaX  Colony;  Fig-tree  Oraek,  near  Baiberkm,  on 
lodcy  slopes,  alt.  about  2,000  It,  Sept.  (1890),  TT.  (kih$r,  841 
Yar.  /3  growing  with  and  eloBe  to  the  typioal  fonn,  Ouher,  84»  1 
(in  herb.  Sefalechter;  Bblns). 

Petab  and  lip  white.  Most  nearly  allied,  amongst  the  Sooth 
Alrioan  gpeoieB  Imown  to  me,  to  S,  MacOwamana,  Beiohb.  1; 
bnt  the  aspect  is  difforent,  the  spike  being  much  closer  and  mora 
numerously  flowered.  I  beUeve  this  is  ^  only  known  instance 
of  sponed  sepals  in  the  genus. 

DiSA  MABLOTHn,  Bolus,  n.  sp.  (Orchidaoefle-DiseB). 

D.  (S  En-Disa),  foUit  tynatUkiU  radieaUlm  expamii  herbaceu; 
raeemit  paueiflorit,  laxii;  fhrihut  msdioeribut ;  ealcam  »«paU  tm- 
parts  patente  mbehngato ;  petalu  chiutu  ;  roBtdlo  apiee  integn, 

Herba  erecta,  glabra,  14-26  om.  alia;  folia  synanthia,  radieaKa, 
plura,  oUanoeolata,  acuta,  herbacea,  basi  longe  membranaceo-TS^- 
nantia,  8-5  cm.  longa»  parte  latiore  0*8-1*1  cm.  lata ;  caulis  gracilis, 
substrictus,  vaginis  4-7,  erectis,  herbaceis,  maiginibus  snbmemfara- 
naoeis,  arete  ampleotentibns  vestitus;  racemus  saepius  Uudssime 
2-^floms,  Tel  in  exemplsribus  maoilentis  1-florus,  pediceUis  gra- 
cilibns  elongatis;  bractCA  vaginis  oonformes  sape  marginibos 
ooloratis,  ovano  multo  breviores ;  ilores  patentee,  in  seotione  medi- 
ocres,  saturate  rosei,  galea  petalisque  maeulis  pnzpuxeis  notaftis; 
sepala  lateralia  patentia  late  oblonga,  obtosissima,  sub  apiee  mucro- 
nulata,  0*9-1  cm.  longa;  sepalum  impar  postioum,  galeatom,  oris 
amlntn  oborato  obtuse  aeutiusculo,  sepalis  lateralibus  equilongnm 
dorso  in  calcar  patens  Tel  subadscendens  nuUo  mode  deflezom  sub- 
striotum  Tel  IcTitur  reeurvum,  apiee  valde  attenuatom,  1*4-1*9  cm. 
longum,  productum;  petala  erscta  sub  galea  semiabseondita,  late 
oblonga,  obtusissima,  bad  postice  angulo  recto  abrupte  genleulalo- 
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inflexa,  rostello  subduplo  longiora ;  lahellum  porrectum,  spathulato- 
oblongum,  subacutum,  circa  0*9  cm.  lotis^um  ;  anthera  valde  resupi- 
nata,  subreflexave,  ovario  parallelii  ;  rostollum  erectum,  oblongum, 
apice  inter  glandulas  angustatum ;  ovarium  graoile,  oylindrioam, 
cum  pedicello,  ad  2  cm.  longum. 

Hab.  :  Cape  Colony  ;  district  Worcester,  in  swamps,  Sand-drifts 
EUoof,  Hex  Kiver  Mountains,  altitude  about  3,200  ft.,  Jan.  4,  1897, 
Dr.  Marloth,  2378!  Same  place  A.  BoIuh  (No.  6371  of  my  herb.). 
District  Ceres;  on  the  Skurfdebergen,  near  Kieiu  Viey,  altitude 
about  6,000  ft.,  Jan.,  li.  Schlechter,  10,204! 

A  very  distinct  species,  in  floral  structure  nearest  to  D.  pulchia, 
Sond.,  of  which,  though  dissirnihir  in  appearance,  it  niiiLjht  be 
rejjarded  as  a  miniature  Western  representative.  The  petals  in 
ibis,  howevei-,  are  very  dififerent,  and  the  rostellum  is  propor- 
tionately nuich  !ii;,'hor.  In  its  inflorescence  and  the  general  shape 
of  the  flowers  it  is  strikingly  like  D.  gladioli/lord,  Burch.  (which 
Schlechter  has  placed  in  the  §  Oreyura),  but  is  at  once  distinguish- 
able from  that  by  its  herbaceous  expanded  leaves  and  the  high  sub- 
erect  rostellum.  It  has  also  some  relation  with  the  very  different- 
looking  D.  caffra,  mihi,  and  I  should  place  it  between  that  and 
D.  pidchra. 

DuA  SoBLBOHraiiiAMA,  Bolus,  n.  sp.  (OrohidMeiB*>Di8en). 

D.  (i  Microperistera,  Bolus,  iwv.  sect.)  foliis  rigidis,  gramimis, 
hystcranthiis  vcl  cum  ortuscopi  fnarcescen t ib us ,  Jh >ri hiis  inter  majorca, 
sejxdo  impart  sulnjalento,  lomjiasime  calcara to,  fetalis  minimia,  resu- 
pinatts  uncimttis,  iahcllo  ahlomjo-lanceolato. 

Herba  erecta,  glaberrima,  ad  5*5  decim.  alta;  folia  radicalia,  7-11, 
erecta,  linearia,  acuminata,  rigida,  prominenter  nervata,  30  em. 
longa,  01-0' 13  om.  lata ;  scapus  substrictus,  vaginis  membranaceis 
acuminatis  arete  amplectentibus,  roarginibas  basi  longe  connatis, 
distanter  vestitus ;  bracteffi  patentes,  membranaoen,  oyatie,  acumi- 
natae,  venossB,  ovario  breviores ;  racemus  laxe  6-12*flora8t  8-14  em. 
longus,  flores  inter  majoieB  hajus  leolioiiis,  patenlibiii,  «iieineis, 
colore  et  indole  eos  D.  DfoooMW  SmtM.  in  meniem  ravooantibas ; 
aepala  lateralia  pfttenlU,  ofalonga,  aoata,  S-8  om.  longa;  sepalnm 
hnpar  metnm  tobgalMitoiD  crvwtiim  Miimmatun,  apiee  reoorv- 
•Imii,  ofe  OTAlo  aooio  2*8  em.  longo,  1*6  em.  kto,  baei  eensim 
in  ealoar  fUifomie  deganter  deoorviim,  ad  4*8  em«  longum,  ovarium 
aieedena,  prodoetom ;  petala  minima  resupinata,  e  bad  lata  orbl- 
enlari  dofaide  angnatefea,  afarnpfte  inoorvo-nnoinala,  aeominata^ 
■hitodine  xoatelkim  vix  superantia;  labeHnm  patolnm  oblongo* 
kneeolaitam  aonliim  iniegram,  supra  basin  leyiter  eonstrietiim, 
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1*8-3  om.  loogam;  Anthm  nan^pliiata;  poUiaiiim  ^andalB  doth 
oreto;  rostellum  ereotom,  8nbeloiig»tiim,  loviter  inovimm,  ob* 
longum,  apioe  tridantatum ;  stigma  piil?!ziilonDe ;  capsoU  erMte» 
olayato-cylindrioa,  ad  8*8  om.  longa. 

Hab.:  Cape  Colony,  Bivetsdale  Dhriakm,  in  Gaieia's  Pan  (Lange- 
bergen),  on  rooky  mountain  sides,  all  abont  1,800  ft.,  fl.  Dooember 
(1904),  collected  and  sent  by  Mrs.  0.  Layt ;  No.  10671  in  my  herb, 
(also  in  herb.  Eew,  &e.). 

This  much  resembles  D.  Draeonis,  Swtz.,  but  oannot,  in  my 
opinion,  be  fitly  plaoed  in  any  existing  section.  From  the  $  Cory* 
phflBa  it  differs  by  its  rigid,  wiry,  grass-like  leaves,  the  small, 
safaresnpinate,  nnomate  petsls,  and  the  rather  hi^  rostellmn.  In 
all  these  characters  it  approaehes  the  §  Hersohelia.  From  the  latter, 
howeyer,  it  is  separated  by  the  stmotorB  of  the  flowers  generally,  by 
the  Tory  entire  lip,  by  the  two  distinct  glands  of  the  poUinia  and 
the  corresponding  modification  of  the  rostellam.  There  is  nothing 
in  the  structare  of  the  flower  to  suggest  hybridity. 

Ptebyoodium  leucanthum,  Bolus,  n.  sp.  (Orchidac^Ba-Disperidee). 

Ft*  (§  En-Pterygodinm,  8ehUr»)  sepalo  impari  obUmga  obtiuiiiimOt 
bati  angustato  ;  labello  pmduh  tramverte  obhngo  ahbnviato  obtu- 
titsmo  vix  margvnato,  appendiee  quam  labelbm  multo  Umffiont 
wecta,  ohlonga,  eamota,  tunum  anguaUUa,  apiee  brevUer  bifida, 
lobis  dcflejtist  uncinaUnncurvii,  incrassatii,  camotit,  diseohribut. 

fierba  glabm,  erecta,  15-35  cm.  alta ;  caulis  gracilis,  sttbflexuosos, 
foliatns ;  folia  4-5,  ereoto-patentia,  ovato-laDoeolata,  aoata,  siccitate 
membranacea  venosaque,  ad  8  cm.  lon^a ;  racemus  laxe  7-10*fl., 
bractcis  erectis  lanoeolatis  acuminatis  flohbus  subequilongis  ;  sepala 
lateralia  patentia  oymbifoimia  acuta,  margine  anteriori  obeeore 
unidcntata,  circa  0*8  cm.  longa;  sqpalum  impar  erectom  oblongnm 
obtnsiasimum,  basi  aogostatum  cum  pefcalis  adhccrentibus  conoavis 
ououllum  suborbioulare  efformantibus,  sepalis  lateralibus  sequi- 
longum;  petala  semiorbioularia,  basi  modioe  giblma;  lahellum 
abbrsTiatum,  obi  on  gum,  latius  quam  longum,  bUobulatum  emargi> 
natumve,  lobulis  rotundatis,  sursum  in  appendicem  erectam, 
oblongam,  carnosam,  apioem  versus  sensim  angustatam,  bifidam, 
iwoduotum,  lobulis  detlexis,  uncinato^incurvis,  incrassatis,  subdivari- 
catis,  obtusis  diKcoluribus.    (Ex.  exempli,  plur  viv.) 

Uab.  :  Capo  Colony;  South-eastern  Region,  district  Engcobo,  in 
steep  rocky  places  on  the  Engcobo  Mountain,  alt.  about  4,400  It., 
fL  Jan.,  H,  G,  Flanagan!  Bolus  8704!  also  in  district  Maclear, 
on  the  slopes  of  the  Kweokwe  Mountain,  near  the  Gatsbeig, 
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alt.  5,500  ft.,  Jan.,  Bolvs!   Orange  River  Colony;  on  the  Mapede's 

Peak,  alt.  H,10U-8,400  ft.,  Feb.,  Thod<',  576.' 

Colour  of  «>r'pals  palo  green,  petals  white,  lip  white  ^^ith  faint 
green  stripes,  the  incurved  tips  of  the  appendage  very  dark  ^'reen. 
The  specimens  dry  pale  or  yellowish,  but  these  tips  remain  as  two 
dark  oval  spots  and  serve  at  once  to  distinf^uish  the  species  in  the 
dried  state.  In  hahit  and  floral  structure,  especially  by  the  form  of 
th*'  lip  and  appendaj^e  (which  latter  is  about  four  times  longer  than 
the  petaloid  lip  proper),  it  is  allied  to  Ft.  catholiciiin.  Swart/,,  and  to 
Pt.  aciifi/oliiini,  Liiull.,  but  is  very  distinct  from  either.  It  appears 
to  l>e  rai  e,  and  only  a  few  specimens  were  obtained  by  each  of  the 
collectors. 

Ptkbtoodtum  deflexum,  Bolus,  n.  sp.  (Orchidaceoe-Disperideae). 

Pt.  (I  Corycium,  Schltr.)  srjxilo  impart  ohciincato-oJilomjo,  obtnsis' 
simo :  lahi'llo  nmrato'iinguiculato,  subrcniformc,  bilobo,  bjbis  divari- 
catts,  appeiuUcc  c  basi  liiwdri  ndsrendrfite,  npicc  hilo}>a,  lobis 
abruptc  dcflcxis  subulatis  acuminatis  curves,  Jloris  basin  /ere 
attiiujentibiis. 

Herba  erecta,  glabra,  12-20  cm.  alta  ;  scapus  validus,  subflexuosus, 
foliatus ;  folia  4-G,  erecto-patentia,  e  basi  lata  vaginante  mrMii- 
branacea  linearia,  acuminata,  multivenia,  G  dO  cm.  longa,  superiora 
sensim  minora;  spiea  sublaxf^  5 -20-flora,  4-7  cm.  longa,  2-3-2-7  cm. 
diam.,  floribus  erecto-patenlibus  ;  bracteie  ovata%  acutie,  nuanbran- 
acea?,  venosa',  medio  plicato-constrictie,  floribus  paulo  ijreviores; 
sepala  lateralia  antica  in  lamiiiam  late  ov^atam  deflexo-pat<'ntem, 
0-75  cm.  lonfjam,  coalita,  lobis  obtusis,  marginibus  leviter  inllexis  ; 
sepalum  impar  olicun»  ;Lto-oblongum,  ol)tusissimum,  0*8  cm.  lon^nnn, 
cum  petalis  adhierentihus  saccum  otTormajuibus.  ore  suborbiculari 
0"9  cm.  ialo,  basi  beiit'  gibbosiim  ulira  apieem  ovarii  productum ; 
labellum  e  l)asi  I'lmcuta  uti^'uiculatum,  subrenifornH%  bilobiun,  0'5 
cm.  longuui,  aj)ice  O'G  cm.  latum,  lobis  divaricato-patentibus 
obtusis,  appendico  erecta,  carnosa,  linoari,  apice  bilol)a,  lobis 
subulatis  acuminatis,  curvis,  abrupLe  detlexia,  lloiis  basin  fcie 
attinf^eniilius. 

Hals.  :  Cape  Colony  (South-western  Region),  open  hillsides, 
Koudeberg,  near  Wupperthal,  district  Clanw  illiam,  all.  about 
2,500  ft.,  fl.  Oct.  (1897),  coll.  II.  Bolus,  No.  8GG0. 

Very  distinct  by  the  lip-appendage,  the  dark  green  colour  of 
which  forms  a  sort'  of  band  mside  and  close  to  the  yellow  petals. 
The  bracts  and  sepals  are  smoky-brown.  The  tubers  and  roots  are 
hairy.  Twenty  or  thurty  speoimens  were  found  growing  together ; 
sod  the  species  was  dnwn  and  deaoribed  from  life. 
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The  foUowilig  rare  and  little  known  species  having  turned  up 
again  after  a  lapse  of  some  seventy  years,  I  have  thought  it  desirable 
U>  describe  it  more  fully : — 

Ftbbtgodium  bifidum  (Sond.),  Scbltr.,  in  Bull.  Herb.  Boiss.  v.  6 
(1898),  p.  856  (Orchidacete-Disperide®). 

(§  Oofyoinm,  Sobltr.) 

Ezeoto»  glabfa,  semi-pedftlis ;  foUft  oiroa  8€S,  eteota,  luoedlate, 
agnminntft,  baai  Tagmanti^  duo  inferiora  4*2  em.  loiiga»  aapecioia 
aenaiin  minora ;  qpioa  eylindrioai  dense  mnltiflora,  obtuaa,  6*6  om. 
loogat  1  em.  diam.,  floribos  oonfertis,  legulariter  diapoaitia, 
snbeeBBilibns;  braote  ovate  yel  laneeolattt,  aeaminato,  mem- 
bianaes,  inferioribiiB  floras  ezoedentibas ;  sepala  lateralia  antiesi 
in  laminam  oUongam  vel  saborbicalarem  ooneavam,  obtniriwsimaiw, 
letosam  yel  bifidam  marginibas  inflexis,  ooalita,  0*46  om.  longa; 
sepalnm  impar  lanoeolakum  aonminatam,  0*45  om.  longom ;  peltla 
semiofbionlaria  yalde  oonoava,  maiginibns  exterioribna  inflexis, 
enonUam  suborbioulaiem,  0*4  om.  latom,  efibrmantia;  lahelhim 
pendnlnm,  lignlatom  (lanoeolaiam,  ex  Bonder)  aontnm,  integer- 
rimnm,  basi  band  angnstatom,  ttinenrnm,  0*86  om.  loogom,  0098 
om.  latom,  appendioe  equilonga,  ereota,  nngoioolata,  ovata,  oboTa* 
tove,  oamosa,  apioem  versos  angolo  sabreoto  oooallato-inflexa,  ooste 
prominent!  longitiidinaliter  peronrsa;  ovarium  ovatum,  apioe  in 
ooUom  graoile  angnstatam.  Carffeium  bifidum,  Sond.,  in  Linnaa, 
V.  19,  p.  m.  C,  Ugulaiim,  Beiohb.  f.,  ibid.  p.  876 ;  Walp.  Aimaia, 
V,  1,  p,  806 ;  Bolm,  Oroh,  Cape  Penms,  p,  180. 

Has.  :  Moantains  near  Cape  Town,  Eckkm  d  Zeyher  (ex  Sond.) ; 
near  Caledon,  sent  by  Mr.  A.  W.  Goatoher,  Jan.,  1904,  No.  10668  in 
my  herb. 

This  species  bas  a  somewhat  similar  floral  stmotore  to  that  of 

Ft,  microglossmn,  Schltr.,  but  is  utterly  different  in  general  appear- 
ance and  sise  and  in  the  shape  of  the  lip.  In  habit  it  resembles 
Pt.  bicolorumt  Sobltr.,  and  Pt.  excisum,  Sohltr. ;  but  also  differs  in 
the  lip  and  in  the  smaller  size  of  its  flowers,  wliich  are,  indeed,  the 
smallest  in  the  genus,  about  25-30  being  contained  in  a  length  of  an 
inch  on  the  spike.  The  species  is  rare;  it  has  not  been  foond  since 
Ecklonand  Zeyher's  time  until  now,  and  was  previously  unseen  both 
by  Bchlecliter  and  myself.  Of  the  identity  with  the  type  there  is 
Msroely  a  doubt. 
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NOTES  ON  SEMICIRCULANTS. 
By  Thqicab  MinB»  LUD. 
(Bead  May  81,  1906.; 

1.  Some  atkeation  has  been  given  to  the  eight-line  determinant 

a  b  c  d  e  J  g  k 
habodefg 

g  h  a  b  c  d  e  f 
fghabcde 
h  g  f  e  d  c  b  a 
a  h  g  f  e  d  c  b 
bahgfedc 
e   h  a  h  g   f   e  d 

hat  tlffptmoAy  with  no  satisfacton^  result.  The  evaluation  of  it 
iras  set  as  a  problem  in  the  Educational  Times  for  April,  1904,  and 
amppoBed  solution  was  given  in  the  number  for  September  of  the 
same  year,*  the  result  being  that  the  value  was  found  to  be  the 
same  as  that  of  the  ordinary  circulant  C(a,  6,  c,  d,  B,/,g,  h).  But 
although  the  first  four  rows  of  the  given  determinant  are  the  same 
SB  tboee  of  the  said  oiroolant,  the  hist  four  rows  are  really  the  first 
four  rows  of  tho  i-everse  chfoulant  C{h,  g,f,  e,  d,  o,  b,  a).  The  matter 
thus  seems  to  call  for  more  careful  investigation. 

2.  Let  us  first  make  a  fresh  (examination  of  the  ordinary  oiroulant. 
Performing  on  it  the  operations 

col,  4-  C0I3  4-  oolj  coly, 

cola  4-  O0I4  +  C0l6  +  COlg, 

we  find  it  equal  to 

ttcdefgh 
t    m   h    e   d   e   f  g 

tt  e  a  b  r  d  p  f 
t  to  h  a  h  c  d  c 
ui  e  g  h  a  b  c  d 
I  kt  /  g  h  a  b  0 
mtefghab 
tmde/gha 

*  8ae  also  Mnih,  from  Sduc,  Timetf  (2)  viL,  p.  66, 
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where  w  denotes  the  sum  of  the  odd-placed  elements,  aud  t  the  sum 
of  the  others.   If  on  this  the  second  set  of  operations 


lowfi  —  row. 


be  peiformed,  we  have 


e 


c 

d 

e 

t 

b 

e 

d 

a—c 

h-d 

c  —  e 

d-f 

C-[l 

h-b 

a—c 

b-d 

c  —  e 

d-f 

g-a 

h  h 

a  —  c 

b-d 

c  —  c 

f-h 

(J -a 

h-b 

a  —  c 

b-d 

e-g 

J-h 

g  —  a 

h-b 

a—c 

e-g 

f-h 

h-b 

Ai 

e-g  : 
d-f  I 
c— « 
b-d  I 
a—e  ! 


or 


(w  +  c)  (w-e)  ^6, 

where  ^6  ie  a  fnnotion  of  the  eight  differences 

a-Cf  b-d,  c-e,  d-f,  e-g,  f -h,  g-a,  h-b, 

being  in  faot,  ssTe  as  to  sign,  the  persymmetrio  determinant 

-nf  c~0  g-fi  a-c  c-c  c  —  g  \ 
^\d^f     J-h      h-b      b-d     d-f  f-h)' 


(I.) 


A  similar  lesoll  is  of  oonrse  obtainable  in  reference  to  all  oircolants 
of  erim  order. 


3.  Taking  now  the  Riven  semicirculant,  if  we  may  90  term  it,  and 
proceeding  in  ahuost  quite  the  same  manner,  we  find  it  equal  to 


e       d       e       f  g 

h        c        d        e  f 

a-c    b-d    c-e    d-f  c~g 


g 

b-h 


h-b  a-c    b-d    c-e    b-f  a-g 
f-h  e-a  d-b 

(j-af^be-c 
h-bg-cf-d 
a-c    h-d  g-e 

and  therefore  equal  to  0,  sinoe  the  oo-faotor  of  *»"  -  c*  here  Tanishes. 

Of  oonrse  the  same  final  result  might  be  reached  without  ze- 
moring  the  &etor  «^-c*.  Further,  by  performing  in  suooessioa 
the  operations 


rowg  —  ioW|t    toWj  —  row«,    row6  —  rowj, 
00I7  +  ool|,    ools  +  C0I4,   col,  +  coly  . 
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we  oan  make  il  appear  that 

g-a  f -b  c-c 
h-b  g-c  f-d 
a-o   h-d  g-e 

also  is  a  faetor,  and  that  the  Taoishmg  oo-faotor  of  the  5th  aider 
may  have  «4-c, « - 1  removed  from  it,  leamg  only 

g-a    f-b  c-c 
h-b    g-c  f-d 
.      g-a  j-h  c-c 

which  diiEars  Irom  the  previous  three-line  faetor  in  having  its  third 
row  identieal  with  its  first. 

By  any  of  the  methods  here  indicated  it  is  easy  to  establish  the 
general  theorem :  Every  amioircukmt  of  order  4m  vamihes,  (II.) 


4.  In  the  ease  of  the  other  even  ooders,  say  the  order  4m-f  2, 
&e  result  is  diflGarent.  Asbeforewereadily  see  that  w+c  and  w-e 
are  &otors:  their  oo>&otor,  however,  does  not  now  vanish.  Thus 
taking  the  siz-line  determinant 


a  b 

f  « 


c 
b 

e  f  a 
d 
e 

b  a  f 


f  e 
a  f 


d 
c 
h 
c 
d 
e 


c 

d 

c 

b 

e 
d 


f 

e 

d 
a 
b 

0 


and  performing  the  operations 


ool,  +  C0I3  +  C0I5,   col^  +  col^  +  col,, 
row5  -  roWa,     row^  -  rowj,     row^  -  row,,     rowj  -  row,, 


we  find  it 


bode 

abed 
f-b   a-c   b^d  c-c 
e—a   d-b      .  b-d 
e-a  d-b 
f^b  B-C 


\e-a  d^b 
I/-6  s-o 


c 


/-ft  c-e\ 

c 

1  • 

e-a  b-d\  * , 

1: 

M 

.)(a 

b  +  c-d  +  ...)  ^ 

a 

IS- 

ft 

Digitized  by  Google 


166   TramaetUm  of  the  SoiUh  Jfriocm  PkOotapkieal  Sookti^. 


5.  The  tea-line  and  oiher  oases  may  be  similariy  dealt  with. 
There  is»  howeyer»  a  much  more  instrnotiYB  method ;  for,  if  the  hwt 
m+1  columns  of  such  a  determinant  he  moved  in  a  body  so  as  to 
oconpy  the  first  m+1  places,  the  determinant  will  be  found  to  be 
centrosymmetric,  and  therefore  resolvable  into  two  detenninaBts 
of  the  order  2m+l>  from  one  of  which  the  factor  a+b+c+d-^.., 
can  be  removed,  and  from  the  other  the  factor  a  — 6+0— d  + 
leaving  co-factors  which  are  identical.  Thus,  shifting  as  stated  the 
last  three  columns  of  the  semioironlant  of  the  10th  oideri  and  using 
1, 2, 3, ...  for  elements,  we  have  it 


8 

9  t 

1 

2 

\  3 

4  5 

6 

7 

7 

8  9 

t 

1 

2  8  4 

6 

6 

6 

7  8 

9 

t 

1 

2  3 

4 

5 

5 

6  7 

8 

9 

t 

1  2 

3 

4 

4 

6  6 

7 

8  9 

t  1 

2 

3 

3 

2  1 

t 

9 

8 

7  6 

5 

4 

4 

8  2 

1 

t 

9 

8  7 

6 

6 

6 

4  8 

2 

1 

t 

9  8 

7 

6 

6 

5  4 

3 

2 

1 

t  9 

8 

7 

7 

6  6 

4 

3 

2 

1  t 

9 

8 

8+7  9+6 

t+5 

1  +  4 

2  +  3 

• 

8-7  9 

-6 

!• 

-6 

1 

-4 

2 

-3 

7+6  8+6 

9  +  4 

^  +  3 

1  +  2 

7-6  8 

-6 

9 

-4 

i 

-8 

1 

-2 

6  +  5  7  +  4 

8  +  3 

9  +  2 

t  +  1 

6-5  7 

-4 

8 

-3 

9 

-2 

t 

-1 

6  +  4  6  +  3 

7  +  2 

8  +  1 

9  +  t 

6-4  6 

-3 

7 

-2 

8 

-1 

9 

-t 

4  +  3  6  +  2 

6  +  1 

7  +  t 

8  +  9 

4-3  6 

-2 

6 

-1 

7 

-t 

8 

-9 

The  llxBt  of  these  faotors,  when  there  is  performed  on  it  the 
operations 

odlt  +  ool.  +  odI,+  

xowj  —  row^,    row4  —  row^i   

is  seen  to  be 


=  (l  +  2  +  ...+i)  . 


(l  +  2  +  ...  +  i)  . 


8+5-9-6   9+4-^-6  t+S-l-i  1-3 

7+4-8-5   8+3-9-4  9+2-^-3  i-2 

6+8-7-4  7+2-8-8  8+1-9-2  9-1 

5+2-6-8  6+1-7-2  7+1-8-1  8-< 


8-6   9-5    t-4:  1-3 

7-5   8-4   9-3  t-2 

6-4  7-8  8-2  9-1 

6-8  6-2  7-1  8-t 


and  similarly  the  second  factor  is  found 
«(l-2+8-...-0 


6-  6   9-6  <-4  1-3 

7-  6  8-4  9-3  t-2 
6-4  7-3  8-2  9-1 
5_3   6-2  7-1  8-i|. 
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As  the  common  four-line  factor  is  the  determioant  of  the  difference 
of  the  matrioes 

8  9^  1  6  5  4  3 
7  8  9  <  5  4  3  2 
6789  4821 
5   6   7   8,        3   2   1  t 

we  may  say  OktA  the  aemioironlaiit  of  the  ten  elements  1,  2,  8, t 
18  equal  to 

(1 +  2  +  3  +  4  +  . ..  +  <).(!- 2  +  3 -4  +  ...-0 

5  9  t    1  6  5  4  8 

7   8  9    i  5  4  3  2 

6789~4321 

6  6  7   8  3   2   1  i 

6.  The  matrices  whose  difference  is  the  matrix  of  the  squared 
factor  in  the  preceding  are  both  persymmetrio  in  form,  and  are  both 

obtainable  from  the  first  2t»  rows  of  the  given  semicirculant,  aft-er 
it  has  been  made  centrosymmetric,  by  leaving  out  the  (27»  +  l)th 
and  (4m  +  2)th  columns,  and  in  the  case  of  the  second  matrix 
reversing  the  order  of  the  columns.  Thus  in  the  case  of  the 
{ourteen-Une  aemioiroulant        where  m  =^3),  if  the  first  row  be 

1,  2,  3,  4,  o,  6,  7,  a,  b,  c,  <i,  c,  /,  g 

we  shift  the  last  four  elements  to  the  front,  and  so  alter  the  low  into 

d,  e,  /,  g,  1,  2,  3,  4,  5,  6,  7,  a,  b,  e; 
then  we  leave  out  the  7th  and  14th,  obtaining 

d,  e,  /,  g,  1,  S      4,  5,  6,  7,  a,  b, 
and  thus  hnaliy  are  led  to  the  squared  factor 


d  e  f  g  I  2 

c  d  e  f  g  1 

b  c  d  B  J  g 

a   h   0  d  e  J'  " 

7    a   b    c  d  e 

Q   7  a   b  c  d 


I! 


7 
6 

6 

6  5  4 
5  4  3 
4   3  2 


6 
6 

4 
3 
2 
1 


5 
4 

3 
2 
1 


4 

8 

2 
1 

9 


9  } 


If,  therafcHre,  in  addition  to  the  osnal  notation  for  persymmetrio 
dfltenninants,  viz., 

a  b  0 

P  (a>  6,  c,    e)   lor     b   c  d 

ode 
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we  introduoe 


P'(a,    c,  d,  e)  tor 


c 
b 
a 


d 
c 
h 


6 

d 
e 


that  is  to  say,  for  the  determinant  which  is  got  from  the  former  by 
chaMf,'ing  the  order  of  the  rows  and  which  therefore  is  syiimietric 
with  respect  to  the  second  diagonal  instead  of  the  first,  we  may 
enunciate  our  result  as  follows:  Thf  sr.micirnilant  of  the  (4m  +  2)fA 
order  ichose  clcnunls  are  1,  2,  -Im-f2  is  equal  to  (  —  )""' + 
{tit  -  i)  A%  where  at,  r  arc  the  sunis  of  the  odd-placed  and  cvcn-plac<  <:i 
elements  respcctivehj,  and  where  A  is  the  determinant  of  the  difference 
between  tfie  matrices  of  the  two  persymnietric  determinants  * 

F(i»+8,         ....  4m+a,  1,  2, ...» m-l), 

P(3i»,  8m- 1, 1,  4m+2,  4m+l, 8m+4).  (iOL) 

In  connection  with  this  it  is  interesting  to  note  that  in  every  case 
there  arc  three  elements  not  included  in  the  tirst  persymmetric 
matrix,  viz.,  m,  m-\-\,  m  +  2,  and  likewise  three  not  included  in 
the  second,  viz.,  3?/? -f 3/// -f  2,  3m -fl:  further,  that  the  element 
which  fills  the  univurial  diagonal  in  the  first  matrix  is  3m+2,  and 
in  the  second  matrix  m+l* 

7.  If  instead  of  having,  as  in  the  foregoing  semidronlanta*  both 
the  oyolioal  ohanges  right-handed,  we  make  one  the  opposite  of  the 
other,  the  xeeolting  determinant  will  be  fouid  still  resolvable  into 
Rhetors.  In  this  oase,  however,  no  distinotion  is  neoeesary  between 
the  orders  4m  and  4m+9i  oentrosymmetry  being  now  always 
attainable  by  merely  reversing  the  order  of  the  last  m  of  the  9m 
tows.  Thus,  when  m^S  we  have 


a 

f 

e 

f 

e 
d 


b 
a 

f 

e 

d 
c 


e 
h 
a 

d 

c 
b 


d 
c 
b 

c 

b 

a 


d  e 

0  d 

b  a 

«  / 

/  - 


a+f 

He 
e+d 


b-\-e 
a-\-d 
f+c 


6-f-c 
a-\-b 


a 

f 

e 
d 
e 

s 

a 

/■ 
e  - 


b 
a 

f 
c 

d 

e 

-/ 

-e 

-d 


c 
b 

a 
b 
c 

d 


d 
e 

b 

a 
b 
c 

b-c 
a—d 
f-c 


d  e 

c  d 

«  / 

b  a 


c-d 
b-c 
a-b 


a—c  b—d 
f—d  a— 0 


*  In  P  to  find  the  variables  we  run  our  oyo  along  the  first  row  and  down  the 
last  column,  in  P'  up  the  first  column  and  along  the  first  tow.  If  the  order  be 
the  nth  P  and  P'  am  ooniieoted  by  the  aign*fMtor 
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The  general  theorem  is :  If  tlie  first  row  of  a  semicircidant  be  1, 
9,  ...» 2m,  the  (/«+l)th  row  be  2m,  2m  — 1,  1,  and  tlie  m-  \  rowi 
following  each  of  these  be  obtained  from  them  by  cyclical  change, 
right-handed  in  the  firet  eaee  and  Uft-handed  in  the  other,  the  eemi' 
eireulant  ie  equtU  to 

(_)»-.(-.-i.(l4.2+3  +  4  +  ...)  (1-2  +  3-4+...)  A«  (IV.) 

iphere  A  is  tlie  determinant  of  the  difference  of  the  matrices  of  tlie 
two  pereymmetric  determinants 

F(m+8,  m+4  2m,  1,  S, m- 1), 

P(3m>-1,  2m-%  m,  8). 

A  very  curious  special  case  is  due  to  Mr.  A.  M.  Nesbitt/''  viz.,  tlio 
case  where  the  elements  are  the  even-placed  coefficients  in  the 
expansion  of  (a  +  6)*"'''^  followed  by  m  -  1  zeros:  the  determinant  U 
then  equal  to  2"^*'**"".   For  example,  when  w=2  we  have 


5 


10 

5 
1 
10 


1 
10 

10 

0 


1 
5 


2» 


From  this  is  obtainable  the  equally  oarious  result  that  the  deter- 
minant of  the  difference  of  the  two  persymmetrie  mairieet 


^2m  +  l^    ^2;»+lJ  (^"5^^) 


/2m+l\ 
(2m+l\ 

\2m-V 


and 




+ 1^  + 1 J    ^2/«  + 1^ 


/2ot+1\  ^aw+l\    /2w+l\  /2m+l\ 

V    0   /  \2m-S)    V2m-a/  V2m-4/ 

tsequalto^r^K  (V.) 
•  Sm  Bdnc.  Tlma  (1904,  Oot.),  Mi.  p.  4  ». 

11 
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Fox  eiample,  when  m-»4  we  have 


9-0  84-  0  126- 
0-0  9-  1  84- 
0-1    O-ae  9-126 


ft.  If  the  two  originating  circulants  ho  of  odd  order,  we  may 
approximate  to  a  seuiicirculant  by  tiiking  one  row  more  from  the 
one  than  from  the  other.  In  this  case  also  tlie  new  determinant  is 
resolvable  into  factors,  but  now  there  is  no  fa.ctor  repeated.  Thus, 
taking  the  live-line  instance  we  have 


a 

b  0 

d 

e 

b 

c 

d 

e 

a  b 

c 

d 

a 

b 

c 

d 

d 

e  a 

h 

c 

d 

e 

a 

b 

c 

e 

d  c 

h 

a 

.  d 

-a 

c  • 

-b  b 

-  c 

a  -  d 

a 

e  d 

c 

.  e 

-b 

d 

-c  c 

-d 

b-e 

a 

r+d 

d 

e 

e 

a  +  d 

b  +  c 

c 

d 

d 

a+b 

b 

e 

• 

• 

b- 

c 

a-d 

1  • 

• 

• 

c  - 

d 

b-e 

1 

a-e 

b- 

d 

1  ^~ 

c 

a~d 

e-d 

a- 

0 

d 

6-« 

It  must  be  noted,  however,  that  the  process  here  followed  is  not 
applicable  to  the  other  instances  witliout  modifications,  and  that 
consequently  we  are  not  readily  led  by  it  to  the  formulation  of  the 
general  result.  The  analogous  difficulty  in  the  case  of  even-ordered 
detenniuauts  was  got  over,  as  w'e  have  seen,  by  a  preparatory 
process  which  brought  about  centrosymmetry :  here  this  is  im- 
possible.   The  following  theorem  suggests  a  way  out. 

9.  In  even/  odd-ordered  scynicirculant  tliere  is  one  column  u  hich 
is  ccntrosijmmetric  {that  is,  reversible  without  change),  and  there 
is  another,  which^  ij  dejjrived  oj  its  first  element,  has  Uie  same 
property.  (VI.) 

If  the  order-number  be  4m +  1,  the  middle  row,  being  the 
(2m4'l)th  row  of  the  first  originating  circulant,  is 

2n>+2,  Sm+8» 4ifi+l,  1,  2, 2m+l ; 

and  the  +  being  the  lirst  row  of  the  second  originating 
ciroulant^  is 

4m  +  l«  4m,  2w  +  2,  2m-t-l,  2in,      2, 1. 

Now,  M  we  hATB  here  2f»  oonseontiTe  integers  unuaged  io 
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MonniBng  older,  and  placed  under  them  the  same  integers  arranged 
in  tiie  lerme  osder,  it  fotUows  thai  the  two  middle  elemente  d  the 
upper  group  h«fe  below  them  the  fame  two  middle  elements  in  Ae 
opposite  Older:  also  as  we  have  the  tot  9m+l  integers  arranged 
in  ascending  order,  and  placed  under  them  the  same  integers 
aixanged  in  the  lOYerae  ofder,  it  Idiows  that  the  one  middb  element 
stands  over  the  same  middle  element.  This  amoonts  to  saying  that 
the  two  rows  most  be  partially  represented  thos — 

 ,  Stn  +  1,  3m +  2,  ,vi  +  l,   

 ,  3to  +  2,  3w*  +  1,  m+l,  

Now  by  Toason  of  the  cydioal  ohange  from  row  to  row,  the 
elements  immediately  above  8111+I  in  the  tot  of  these  two  rows 
<ihat  is,  the  middle  row  of  the  detenninant)  most  be  8fii-i-3, 8m+8, 
... ;  and  as  the  demento  below  are  the  same,  the  odnmn  in  whieh 
these  elements  stand,  fix,,  the  mth,  must  be  oentrosymmetrie. 
Similar  reasoning  makes  olear  that  the  oolamn  having  m+l,  m+l 
fat  oonseootive  elemoits,  via.,  the  (8m+l)th,  is  also  oentrosym- 
metrie when  deprived  of  its  top  element. 

If  the  order-mimber  be  4m+8,  the  middle  row  and  the  row 
immediately  following  it  are 

27»  +  3,  2m  +  4,       4m +  3,      1,        2,  2»»  +  l,  2/»  +  2 

4to  +  3,  4w  +  2,      27W  +  3,  2w  +  2,  2w  +  l,         2,        1  ; 

and  these,  if  we  only  write  the  parte  whieh  are  pertinent  to  the 
aigoment,  are 

 ,  3m+3,  w-fl,  m-f  2,  

 ,  8m4-3  ,  w+2,  w+1  

so  that  it  is  now  the  (3m+2)th  column  which  is  perfectly  oentro- 
symmetrie, and  the  (m-|-l)th  whioh  is  approximately  so. 

10.  If  the  perfectly  centrosymmetric  column  thus  proved  to  exist 
in  a  semicirculant  of  order  27»+l  be  advanced  by  cyclical  change  of 
columns  to  the  first  place,  the  operations  performed  in  §  8  can  be 
followed  in  exact  detaiL  These  are 

^^*m+t  -  row,,    roWjM  -  W)w„ 
and  then 

col,  +  col,^,    col,  +  oolmt 
and  the  value  found  for  the  determinant  is 

M,-M,|.|  M.-M,|,  (VIL) 


»  K)w«+,  -  row. 
••••  , 
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where  «>  is  the  sum  of  the  dements,  and  the  M's  wee  metaiofis 
fonned  from  the  fizst  m  rows  ci  the  semidrouleDt,  vis^  M,  ooo- 
sieting  of  the  m  conBeootiye  eolnmns  begiDiiiiig  with  the  first,  M, 
of  the  m  oonseoaUve  eolnmns  heginning  with  the  seoood,  end 
of  tiie  last  m  eolnmns  reversed. 

For  eample,  in  the  semioixoQiant  of  the  9th  order,  it  being  the 
seoond  c(dnmn  whieh  is  oentrosymmetrioy  the  first  oolnmn  is  mofsd 
to  the  end,  wherenpon  the  first  fonr  rows  stand  thus — 

234567891 
123456789 
912845678 
89138456  7, 

apd  the  factors  of  the  oironlant  are  seen  to  be 


(l  +  2  +  ...  +  9)!2-l  3-9  4-8  5-7 

1-9  2-8  3-7  4-6 

9-8  1-7  2-6  8-6 

8-7  9-6  1-5  2-4 


3-1  4  9  5-8  6-7 
2-9  3-8  4-7  5-6 
1-8  2-7  8-6  4-5 
9-7  1-6  2-5  8-4, 


11.  Prom  this  we  naturally  pass  to  the  semicirculants  of  odd 
order  in  which  the  two  cyclical  changes  are  effected  in  different 
directions.    It  is  not  necessar}%  howeyer,  to  oontinoe  to  giye  full 

details  :  the  results  alone  will  suffice. 

First  of  all  there  is  the  theorem  corresponding  to  that  of  i  9,  viz., 

In  every  odd-ordered  scmicircnlant  irith  opjK)sitc  cj/clicnl  inoventents 
the  middle  coluvin  lias  the  first  element  in  the  middle  place,  this  bcin(j 
led  up  to  by,  the  (w-f-l)th,  mih,  (m  — l)th,  3/y/,  2//^/  elements  and 
followed  bi/  the  same  :  and  the  first  column  has  the  first  element  ui 
the  Hrst  place,  this  hr in (j  followed  by  ^/te  (2w4-l)th,  2mth, (m-f  2)th 
elements  and  these  repeated.  (VIII.) 
This  suggests  the  opening  set  of  operations 

roWai^,.,-  row«H>si  row.,  —  row.,  row^_,  -  ro\v^_„ 

after  whioh  we  are  led  as  before  to  the  required  yalue,  vis., 

M,-M,  M  Mj-M,  I  (I2L) 

\\  here  t  is  the  sum  of  the  elements,  and  the  M's  are  matrices  formed 
from  the  first  vi  rows,  viz.,  M,  consisting  of  the  m  consecutive 
columns  beginning  with  the  first.  M,  of  the  vi  consecutive  columns 
beginning  with  the  sesond,  and  M3  of  the  last  m  columns  in  reversed 
order. 

12.  The  foregoiug  investigations  suggest  others  of  a  more  general 
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ehmoter.  For  eimnple,  zetoniiiig  to  oiroiilanis  of  tbe  4th 
order,  we  may  form  a  determhiftDt  Ivy  taking  any  two  rows  from 
C  (a,  6»  d)  Mid  any  two  from  G  ((I, ^,  a).  In  every  aadh  case 
it  is  dear  that  a+^+o+<{,  a— 6+0— <2  would  be  faotovs  as  before ; 
bat  it  is  not  so  readily  seen  what  the  co-&ustor  would  be.  Investi- 
gation shows  that  it  takes  one  of  five  forms,  viz.,  0,  (a— c)',  (a— e) 
(5— (a+i— 6-(Q(a~6-e+<2):  so  that  we  have  the 
general  theorem  :  Every  determinaiU  fomnA  by  taking  two  rows 
from  C  (a,  b,  e,  and  two  rows  from  C  [d,  e,  b,  a)  is  resolvable  into 
linear  factors  or  vanishes,  (X.) 

Similarly  we  find  that  Every  determinant  formed  by  taking  any 
three  consecutive  rows  of  G  (a,  5,  0,  d,  e)  and  any  two  conseoutive  rows 
of  G  (e,  d,  0,  b,  a)  is  resolvable  into  three  factors,  one  lineair  and  two 
quadratic,  (XL) 
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FUBTHEB  OBSEBYATIONS  ON  MIMIGBY  AMONG 

PLANTS. 

Bt  K  BCabxiotb,  M.A.,  PB.D. 

(Bead  May  81, 1906.)  ' 

It  will  be  remembered  that  a  short  time  ago  I  read  some  notea 
before  this  Sooiety  referring  to  the  rarely  obsenred  phenomenon 
of  mimicry  among  plants.   I  took  special  oare  to  point  ont  that 

I  looked  upon  many  so-called  oases  of  mimiery  as  mere  speoii]ation» 
but  that  on  the  other  hand  some  instanees  wliich  hadoome  under 
my  notice  in  the  course  of  years  appeared  to  be  true  mimicry.  The 
word  as  used  by  me  means  that  these  plants  are  so  well  adapted 
to  their  surroundings  that  they  escape  the  notice  of  herbivorous 
animals,  especially  of  those  feeding  at  night  time.  The  most 
remarkable  plant  of  this  kind  mentioned  was  Mesembryanthemum 
Bohisii  Hook. 

Travelling  recently  in  the  karroo  I  discovered  another  very 
striking  example  of  such  protective  adaptation,  which  is  specially 
interesting  as  the  plant  in  question  is  not  a  near  relative  of  those 
meulioned  beforehand,  but  a  species  of  Crassula. 

Its  specitic  name  is  Crassula  colunuuiris,  which  indicates  very 
well  the  shape  of  the  plant  as  one  sees  it  in  cultivation,  but  is  quite 
misleading  with  regard  to  the  plant  in  its  natural  habitat,  for  there 
the  plant  is  spherical.  In  shape  and  colour  it  is  so  siniihir  to  the 
brown  pebbles  among  which  it  grows  that  one  has  much  ditliculty 
iti  detecting  it.  As  an  illustration  of  this  I  may  be  allowed  to 
mention  the  following  experience. 

I  had  brought  a  dozen  of  these  plants  with  some  soil  and  pebbles, 
with  me  to  town,  and  having  planted  them  in  a  hox  not  larger  than 
my  hand,  I  sometimes  asked  visitors  to  my  karroo  plantations  to 
count  the  specimens  of  koesnaartjes  (that  is  their  native  name) 
in  the  little  box.  So  far  not  one  of  my  visitors  has  given  me  the 
total  number  at  the  hrst  attempt. 
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It  may  be  asked,  as  on  the  previous  occasion,  what  is  the  use 
of  this  apparent  hiding  of  the  plant?    Has  it  any  enemies  which 


PTtoto]  Marloth. 
Crasbula  deltoidea  L.  f.   Nat.  size.   (Five  plants.) 


ThotoS  [R.  MarU>ih. 

CRA68ULA  COLUHNABIB  L.   Nat.  sizc.   (Eight  plants.) 

threaten  it  ?  The  answer  to  this  question  is  as  positive  in  this  case 
as  in  the  former  one,  for  it  is  greedily  devoured  by  goats  and  sheep 
whenever  found,  forming  a  nice  juicy  lump  the  size  of  a  plum. 
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Thftt  it  is  a  testy  titbit  to  them  is  also  eyident  from  the  iaot  that 
the  Hottentots  like  to  eat  it  themselTes. 

It  is  ooDsequently  olmoiis  that  those  speeimeDs  which  are  best 
hidden  on  the  baie  veld,  owing  to  their  colour  and  shape^  liave  the 
best  ehanoe  ci  eeeaping  destmotion,  while  others  whioh  are  more 
oonspiooons  on  the  groand  will  be  more  readily  detected  and 
eatien. 

Quite  a  similar  case  is  Crassula  deltoidea,  which  forms  small  grey 
and  white  bodies  on  the  granite  hills  of  Little  Namaqualand,  and 
looks  so  similar  to  the  fragments  of  granite  among  ^vhich  it  is  at 
home  that  deteotion  is  as  difficult  in  this  case  as  in  the  otlier  one. 

As  long  as  there  was  only  the  one  instance  known  referred  to  by 
Bonohell  and  Wallace,  one  might  have  tried  to  explain  it  away  as  a 
mere  ooinoidence,  but  with  ten  such  remarkable  examples — and 
I  have  no  doubt  that  more  will  be  foond  when  proper  attentioti  is 
paid  to  the  matter — the  theory  of  ooinddences  is  hardly  admissible. 

In  my  paper  on  "Mimicry  among  Plants,"  a  species  of  Mesembr]ianthemum 
ivas  mentioned  with  white  loAves  \^£ram.  S.  A.  Phil.  Soc.,  vol.  xv.,  p.  101,  line  4). 
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ON  THE  VARIATION  OF  THE  HOURLY  METEORO- 
LOGICAL NORMALS  AT  KIMBEKLKY  DURING  THE 
PASSAGE  OF  A  BAROMETRIC  DEPRESblON. 

By  J.  R.  Sutton,  M.A.,  F.R.Met.S. 
(With  2  Gharto.) 
(Bead  May  dl,  1905.) 

The  present  paper  is  the  result  of  an  attempt  (1)  to  determine  the 
variation  of  the  hourly  normals  of  the  more  important  meteorological 
elements  introduced  by  the  passage  of  a  barometric  depression  over 
Kimberley  ;  and  (2),  incidentally,  to  learn  aomethiog  of  the  conditions- 
prevailing  in  the  depression  itself. 

In  the  absence  of  synoptic  charts,  any  information  under  the 
second  head  can,  of  course,  only  be  small  in  quantity.  And  I  have 
no  means  of  making  it  more  definite  because,  for  some  reason,  the 
Meteorological  Commission  has  steadily,  and  at  all  times,  refused  to 
allow  me  to  inspect  any  of  their  numerous  records  for  this  or  any 
other  pur}K)se. 

The  information  obtained  under  the  lirst  head  is  to  be  regarded  as 
preliminary  to  a  more  extended  treatment  later  on,  and  as  indicating 
the  direction  of  future  research. 

The  ordinary  depression  may  last  for  any  time  from  a  day  to  a 
week,  and  the  winds  generated  may  blow  with  any  velocity  from 
5  to  35  miles  an  hour — and  perhaps  up  to  50  miles  an  hour  in 
occasional  gusts.  When  they  first  become  noticeable  to  all  by 
reason  of  the  strength  of  the  wind,  they  set  in  with  warm,  discom- 
forting gusts  from  the  north  or  north-west,  and  pass  away  with 
cool,  steady  winds  from  south-west  or  south.  They  often  bring 
light  showers,  but  not  often  heavy  rain.  Frequently  the  approach  of 
the  centre,  or  trougii,  is  heralded  by  clouds  of  dust  ;  bui  it  is  renuirk- 
able  that  equally  strong  wmds  m  the  rear  of  the  centre  seldom  raise 
any  dust  to  speak  of. 

For  the  purposes  of  tiie  present  discussion,  106  separate  depres* 
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sions  have  been  aeleotod  from  the  reoocds  of  the  six  yean  1898- 
1908»  namely, 

J.  F.  M.  A.  M.  J.  J.  A.  8.  0.  N.  D. 
6,    6,     0,     7,     11.    11.    7.    18.    10.    la.    10,  0. 

and  tlie  hourly  elements  considered  of  the  day  upon  which  ihe  centre, 
or  trouj^h,  of  tlie  depression  passed  over,  together  with  those  of  the  day 
l)efore  and  the  day  after.  ■  Depressions  in  which  the  centres  helonj,'  as 
much  to  one  day  as  t  )  an  ther  (i.e.,  whi>n  of  any  four  days  contain- 
ing the  centre  the  pressure  on  the  second  day  is  about  equal  to  that 
on  the  third,  and  the  pressure  on  tlie  first  about  e(puvl  to  thai  on 
the  fourth),  have  not  lieen  taken  into  account.  They  are  equally 
important  with  the  others,  and  will  be  cojisidered  at  some  future 
opportunity.  In  selecting  our  lUO  depressions  no  attempt  has  been 
made  to  distinguish  between  one  type  and  another,  whether  they  be 
primary  or  secondary  cyclones,  *'  Vs,"  or  cols.  Such  a  distinction, 
which  l>elongs  more  especially  to  the  province  of  synoptic  meteor- 
ology, must  also  be  left  over  for  the  present. 

It  is  evident  ,  from  Table  1  that  the  average  pressure  on  the  first 
days  comes  out,  as  it  happens,  almost  exactly  eqvuil  to  the  average 
pressure  on  the  third  days.  This  is  so  far  fortunate  that  it  gives  us 
three  quite  central  days  in  an  average  typical  tlepiession  to  study. 
It  appears,  further,  from  the  Table,  that  the  average  pressures  on 
the  day  before  and  the  day  after  are  about  equal  to  the  normal  means 
throughout  the  summer  half  of  the  year,  but  that  the  normals  are 
ooneiderably  the  greater  during  the  winter  half.t  The  inference 
seems  to  be  that,  on  the  whole,  during  the  snmmer  a  dejganmoik 
takes  about  three  days  to  pass  over,  but  that  during  the  whutnr  the 
depressions  are  laiger  and  take  longer  to  psss  over.  For  in  the 
winter  months  the  front  of  a  depression  is  evidently  well  defined 
upon  the  day  before  the  passage  of  the  centre. 

In  Table  2  the  mean  hourly  values  of  pressoxe  during  the 
passsge  of  a  depression  are  given,  and  also  the  deviations  from  the 
normals  hour  by  hour.  It  is  remarkable  that  the  depression  does 
not  in  the  least  obliterate  the  ordinary  diurnal  variation.  The 
absolutely  lowest  pressure  eomes  about  4  p.m.,  and  devlatee  at  the 
same  time  by  the  greatest  amount  from  the  normaL    Sinee  the 

*  Theso  inajr  be  oonveDientiy  diaunguiahed  m  the  fint,  the  teeond,  and  the 

thud  dtiyi. 

t  The  monthly  notmal  meftiui  of  the  vatioae  elemeote  need  In  the  lest  era  telM 

from  "  An  K!'  Ill*  iitary  Synopeie,  Ae.,*'  in  Tran».  S.  A.  Phil.  Soc.,  toI.  uy.. 
part  2.  Tilt'  hourly  normals  are  from  "The  Determination  of  Mean  Result's,  Ac.."' 
in  liepvrt  of  the  S.  A.  A.  A.  S.,  vol.  i.  The  tirst  are  obtained  from  four  year*;' 
obeenrationa,  the  second  from  five.  In  couttequence  the  means  of  the  monthly  and 
hoar)j  STaragee  differ  a  little. 
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normal  minimum  also  oomes  the  same  time,  it  follows  thai  the 
depression  here  simply  exaggerates  the  normal  conditions  of  pres- 
sure. The  downward  tendency  of  the  barometer  during  the 
mornings  of  the  day  before  and  of  the  day  itself  causes  the  prinoi- 
pal  maximum  of  pressure  to  come  fuUy  half  an  hour  earlier,  namely, 
from  d  a.m.  to  8.30  a.m.,  and  in  the  same  way  retards  it  to  9.30  a.m. 
on  aeooont  of  the  upward  tendency  during  the  day  after.  Also  the 
seeondary  maximum,  occumng  normally  at  11  p.m.,  comes  an  hour 
earlier  on  the  first  day,  and  perhaps  an  hour  later  both  on  the  day 
and  the  day  after.  In  the  same  way  the  afternoon  minimum  of 
pressure  comes  later  on  the  first  day  and  earlier  on  the  third.  The 
greatest  variation  is  shown  by  the  morning  minimum  of  pressure. 
It  comes  half  an  hour  later  on  the  first  day,  nearly  an  hour  later 
on  the  secorxl.  and  beeomes  practically  abortive  on  the  third,  show- 
ing itself,  indeed,  more  as  a  retarded  rise  than  an  actual  fall.  The 
deviations  of  pressure  increase  from  appreciably  zero  to  aljoiit  one- 
seventh  of  an  inch  in  40  liours,  decreasinfj  to  zito  a^jain  in  the 
remaining  '3'2  hours.  The  double  amplitude  in  the  average  depression 
lasting  three  days  is  '21  incli — that  is,  '12  incli  greater  than  the 
douhlo  amplitude  of  the  ordinary  diurnal  oscillation  ;  the  double 
amplitude  on  the  day  in  which  the  centre  passes  over  is  actually 
only  "02  inch  greater  than  the  normal. 

The  mean  temperature  of  the  first  day  is  between  one  and  two 
degrees  higher  than  the  normal  ;  on  the  second  day  it  is  on  the 
whole  ahout  half  a  degree  higher  still;  whih;  on  the  third  day  it  is 
between  three  and  four  degrees  lower  than  the  normal.  According 
to  the  hourly  means  of  Table  4  the  first  day  opens  with  a  tem- 
perature slightly  higher  than  the  normal ;  there  is  then  a  gradual 
positively-increasing  deviation  throughout  the  day  until  sunset;  for 
a  few  hours  during  the  evening  tlie  temperature  is  falling  rathiu- 
more  rapidly  than  is  usually  the  case  ;  but  by  sunrise  of  the  second 
day  the  positive  deviation  is  as  large  as  before.  There  are  signs  of 
three  maxima  in  the  positive  deviation  of  temperature  on  the  second 
day,  i.e.,  just  after  sunrise,  at  noon,  and  just  after  sunset.  How  far 
they  arise  simply  from  the  shortness  of  the  record  it  is  hard  to  say. 
Certainly  the  drop  at  3  p.m.  on  the  first  day  can  scarcely  be  other 
than  fortuitous. ■•  After  sunset  of  the  second  day  the  fall  of  tem- 
perature is  rapid,  a  zero  deviation  being  reached  at  midnight.  From 
midnight  onwards  the  negative  deviation  increases  until  it  reaches 
nearly  —6°  at  noon.    During  the  succeeding  afternoon  this  slackens 

•  .\  reference  t«  Table  Hwil!  discover  a  pronnnnced  maximum  in  the  frequency  of 
rain  at  this  time.  A  more  extemleti  leeonl  would  probabljr  to  some  extent  ttiuooth 
out  thid  asperity  as  well  as  that  of  temperatare. 
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wmemha^  to  —S^'S  at  7  p.m.,  after  which  it  ineroaoeo  again.  Thn, 
on  the  whole,  the  eflBBot  of  a  depieeaion  is  to  ezaggemte  the  dinnal 
enrve  of  temperatove  somewhat  on  the  fizst  day,  rather  less  on  the 
second  day,  and  to  depress  it  on  the  third ;  that  is  to  say,  in  Ifas 
front  of  the  depressbn  the  range  of  temperatore  is  increased,  in 
the  rear  the  range  is  decreased,  while  along  -the  trough  it  is  no* 
greatly  a&oted.  When  we  come  to  consider  the  variation  in  the 
aspect  of  the  sky  we  shall  find,  perhaps,  a  reasonable  eiplsiiatHW 
of  the  more  rapid  fall  of  temperatore  after  sanset  on  the  third  day 
in  the  decreasing  dondiness  and  vapour-tension,  and  conaeqnen^ 
increasmg  radiation.  But  the  rapid  fall  after  sanset  on  the  first  day 
is  certainly  not  so  easily  explained.  Ithasmidoubtedlysomeconnee- 
tbn  with  the  yaiiation  in  the  velocity  of  the  wind,  to  be  prasentlj 
referred  to;  but  the  nascent  clouds  proper  to  this  part  of  the 
front  of  the  depression,  so  far  from  acting  as  a  blanket  and 
checking  the  escape  of  heat  from  the  lower  air,  would  seem  the 
rather  to  be  actually  themselves  radiating  cold  to  the  earth. 

The  behaviour  of  the  dew-pomt  is  not  in  the  least  like  that  of  the 
temperature  or  pressure.  Only  from  sunset  of  the  first  day  to  noon 
of  the  second  is  the  deviation  in  the  quantity  of  water  vapour  from 
the  normal  positive.  The  actual  maximum  positive  deviation  is  at 
sunrise  on  the  second  day.  Tliroughout  the  preceding  30  houis 
the  quantity  ol  vaiK>ur  gradually  increase  s  relatively  to  the  normal 
diurnal  curve,  hour  by  hour ;  in  the  following  42  hours  the  quantity 
as  regularly  decreases,  savin<^'  one  or  two  minor  fluctuations  not  of 
any  great  consequence.  The  semi-diurnal  oscillation  of  vapour- 
tension,  of  which  the  maxima  come  at  about  10  a.m.  and  just  before 
sunset,  is  on  the  whole  more  disturbed  than  is  tiie  case  with  the 
curves  of  the  other  elements.  The  times  of  the  phases  of  the  curve 
of  vapour-tension  in  the  depression  will  be  best  understood  by 
reference  to  Table  6.  The  sunset  maximum  on  the  second  day 
seems  almost  entirely  smothered.  We  learn  also  from  the  Table 
that  there  is  no  great  accession  of  water-vapour  at  an^'  time  during 
the  piis'^nge  of  a  depression,  the  greatest  positive  deviation  from  the 
nnruial  tension  not  at  any  hour  materially  exceeding  015  inches, 
lu  fact  it  is  characteristic  of  a  Kimberley  cyclonic  disturbance 
that  such  variation  as  there  is  in  the  quantity  of  water  vapour 
ohtnides  itself  more  in  the  dryness  following  the  trough  than  in 
the  prior  dampness. 

The  deviation  from  the  normal  amount  of  cloud,  though  somewhat 
irregular,  as  might  he  expected,  is  similar  to  that  of  the  quantity  of 
water  vapour.  Starting  from  about  the  ordinary  average'  at  the 
•opening  of  the  ^st  day,  the  deviation  is  altogether  positive  during 
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the  floocmd  day,  and  altogefher  nflgalhra  during  tho  tfaizd.  Table  7 
gives  ihe  vespeotive  aimiial  meuis  for  the  six  honrs  ol  obeervatbn. 
The  sepemte  monthly  meuis  are  not  definite  enough  to  be  worth 
printing  In  ML  By  dividing  the  ekmd  types  into  oirriform,  omnnlns, 
and  stimtilonn  we  get  the  following  oyolonic  Tsriation  in  the  mean 
montidy  nnmber  ol  times  obsenred : — 


Day  Before. 

Diiy. 

Day  After. 

  80 

8-4 

6-6 

  11-5 

16-7 

9-6 

  4-3 

5-8 

2-2 

It  appears  from  this  that  clouds  of  a  oimis  type  are  not  very  mneh 
affeoted  in  quantity  by  the  depreflsion,  and  that  the  chief  influence 
is  upon  the  cumulus  and  other  comparatively  low-level  clouds.  It 
is  worth  notice  that  the  variation  in  tlie  frequency  of  rain  is  almost 
the  same  as  that  of  the  lower  olouds.  This  rain  frequency  is  such 
that  in  every  100  depressions  rain  is  observed  in  30  on  the  first 
day,  in  44  on  the  second,  and  in  27  on  the  third;  that  is,  on  the  day 
upon  which  the  trough  is  passing  over  the  chance  of  rain  is  half  as 
great  again  as  it  is  on  the  first  day.  During  the  three  days  we  are 
considering  the  total  rainfall  is  slightly  less  than  three  times  the 
daily  average  of  the  year.  Ihe  average  daily  amount  is  '051  inch, 
while  tiie  average  daily  amount  in  the  depression  is  *046  inch,  or 
90  per  cent.  To  make  this,  94  per  cent,  of  the  daily  average  falls 
on  the  first  day,  149  per  cent,  on  the  second,  and  only  27  per  cent, 
on  the  third.  It  seems  from  this  that  the  rain  of  the  third  day, 
when  it  does  come,  is  only  of  about  one-qnarter  the  intensity  of  that 
of  the  first  and  second  days. 

It  seems  to  be  a  fair  inference  from  a  comparison  between  the 
temperatures,  dew-points,  clouds,  and  rain  of  the  day  before,  and 
the  same  elements  of  the  day  after  the  passage  of  a  depression, 
to<^etlier  with  the  dust  on  the  first  and  second  days  and  its  iibsence 
on  ilic  third,  that  the  air  currents  have  an  upward  tendency  in  front 
of  the  centre  and  a  downward  tendency  in  the  rear. 

Table  8  gives  the  number  of  times  rain  has  been  observed  at  any 
hour  in  the  315  special  days  under  review,  i.e.,  in  105  depressions. 
We  see  from  this  that  the  relative  hourly  frequency  of  each  day  is 
very  similar  to  that  of  the  relative  daily  frequency.  Also  that 
in  spite  of  the  falling-off  on  the  third  day  the  diurnal  curve  of 
hourly  frequency  is  not  materially  afifected. 

Table  9  gives  the  variation  in  the  velocity  of  the  wind  in  miles 
per  day,  month  by  month.  The  greatest  daily  velocity  is  attained 
in  the  spring,  October  being  the  month  of  maximum  velocity,  and 
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also  the  monlib  flhowing  the  gre«test  ineroMo  of  yeloeilj  hom  Ihe 
first  day  to  the  seoond.  Bat  beoenee  the  daily  velooity  of  the  wind 
is  grei^est  in  the  spring  months  it  does  not  ahrays  follow  that  Ihs 
wind  attains  its  greatest  foroe  at  the  same  time.  Stranger  winds 
are,  in  faot»  oocasionally  experieneed  in  July  than  in  Esbrasiy. 
Moreover,  the  average  velocity  between  2  p.m.  and  8  p.m.  in  July, 
on  the  second  day,  is  13^  miles  per  honr;  the  hi^est  avecags 
velocity  in  February  is  less  than  12f  miles  per  hour,  between  6  p.m. 
and  6  p.m.,  on  the  seoond  day.  The  greater  daily  velocity  attained 
in  the  spring  and  summer  months  is  simply  due  to  the  fact  that 
during  the  winter  the  wind,  however  hard  it  may  blow  daring  the 
day,  generally  falls  at  sunset,  whereas  in  the  wann^  months  the 
high  speed  is  maintained  far  into  the  night. 

The  diurnal  variation  in  the  velocity  of  the  wind  is  as  evident 
daring  the  passage  of  a  depression  as  it  is  at  other  timesv  although 
the  shape  of  the  curve  is  considerably  mo  lTit d.  In  general  the 
average  velocity  ctianges  from  6*0  mUss  an  hour  just  after  midnight 
to  4*4  miles  an  hoar  jast  before  snmisoi  and  to  7*d  miles  just  aftsr 
noon.  During  a  depression  the  maximum  comes  rather  later  on 
all  three  days,  the  corresponding  velooities  changing  aoeording  to 
Table  10 

First  day,  from 
Second  day,  from 
Third  day,  from 

We  distinguish,  then,  in  this  way  between  general  and  cyclonic 
winds  at  Kimberloy,  so  far  as  tiie  class  we  are  considering  is 
concerned — that  in  front  of  the  tioiij^li  the  ranpe  of  velocity  is 
greater,  being  lighter  by  night  and  stronger  by  day,  while  in  the 
rear  the  range  is  smaller.  In  fact,  the  velocity  at  the  miduiglit 
following  the  passagf  of  the  trough  is  half  as  great  jigain  as  that 
twenty-four  hours  earlu  i .  Some  of  the  variations  in  question  may 
be  due  in  part  to  tiiu  fact  that  the  winds  observed  are.  to  some 
extent,  ivsultants  compounded  of  nornud  winds  and  winds  proper 
to  the  cyclone.  Thus  the  normal  wind  helween  sunrise  and  noon  is 
from  some  northerly  direction  ;  also  the  ci/clonic  wind  in  front  of 
the  cyclonic  depression  is  likely,  of  itself,  to  be  from  some  similar 
azimuth.  We  should  expect  here,  therefore,  an  accelerated 
velocity.  But  the  cyclonic  wind  in  the  rear  of  the  depression  is 
likely,  of  itself,  to  he  from  some  southerly  direction,  and  we  should, 
therefore,  expect  a  retarded  velocity.  Again  the  normal  wind  after 
sunset  is  from  south-west  to  south,  and  this  is  also  the  likely 


Midnight 

Before 
Stmrise. 

After 
Noon. 

4*4 

to 

4-2 

to 
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clireotion  at  a  oydooio  wind  in  the  rear  of  »  depresaion.  Tbns  we 
gsk  Moderated  veloeitieB  after  tonset  el  the  eeoond  day,  and,  by  the 
same  token,  retarded  Telodties  efter  siuiBet  of  the  first  day.  But 

i  80oh  a  line  of  soggeetion  leave  nneiplained,  and  in  iaet  eontradiots, 
the  low  velooitieB  before  tonriae  of  the  eeoond  day  and  the  high 

I  ireloetties  before  ennriae  of  the  third.  The  rapid  alaokening  of 
reiocAty  after  atmaet  of  the  firat  day  relatively  to  the  normal  carve 

!  deservea  attention  if  only  beoanae  of  the  rapid  cooling  of  the  air  at 
the  aaoae  time. 

TaUe  11  givea  the  total  number  of  honra  of  wind  from  each  of 
16  direotiona  in  the  106  depreaaiona  (t a,  816  daya)  we  are  oonaider- 
ing.  There  aeem  to  be  two  prevailing  direotiona  on  both  the  firat 
and  eeoond  daya.  On  the  firat  day  direotiona  in  the  firat  and  aeoood 
qnadranta  prevail;  on  the  aecond  day  in  the  aeeond  and  third 
qnadniDts.  On  the  third  day  there  ia  a  aingle  prevailing  direction 
in  the  third  qoadrant ;  ao  much  ao  that  the  wind  ia  more  periatent 
horn  the  aonth-eoiith-weat  than  from  all  pointa  having  a  northerly 
component,  indnding  east  and  west,  pat  together.  The  actoal 
diurnal  variation  of  each  direction  is  not  materially  affected  at  any 
time,  a^f.,  the  ttiird  quadrant  winds  have  their  maximum  frequency 
near  the  same  hour  of  the  afternoon  cm  all  three  daya  aa  under 
I        ordinary  circumatancea. 

The  lionrly  componenta  of  wind-frequency  are  set  out  in  Table  12. 
The  north  component  commences  the  three  days  slightly  negative 
{i^„  it  ia  alightly  southerly),  but  changes  to  positive  about  1  ajn., 
and  remains  so  until  the  trough  has  passed,  after  which  it  is  negative 
for  the  remainder  of  the  period.  Il  haa  poaitive  maxima  at  10  a.m. 
on  the  first  day,  and  at  9  a.m.  on  the  second,  while  the  negative 
maxima  fall  at  7  p.m.  on  the  first  day,  6.80  a.m.  and  7  p.m.  on  the 
third.  The  eaat  component  haa  poaitive  maxima  about  an  hour 
before  sunrise,  and  negative  m^irim^  about  2.30  p.m.  on  each  day. 
Thus  the  phaaea  of  the  east  component  are  practically  ini  altered 
by  the  depression,  sucli  changes  as  the  Table  reveals  falling 
almost  entirely  upon  the  north  component.  This  very  important 
fact  should  be  compared  with  a  certain  previous  result  that  the  east 
component  curve  at  Kimberley  is  essentially  a  curve  of  temperature. 

The  anfrle  <p  in  Table  12  represents  the  angle  described  by  the 
resultant  wind  direction  from  the  east  round  by  north,  west, 
south.  This  angle  is  greater  than  the  normal  between  midnight 
and  10  a.m.  on  the  first  day,  and  between  midnight  and  3  p.m.  on 
the  second  day,  but  it  reaches  its  starting  position  on  the  second  day 
I  not  by  boxing  tlie  compass  hut  by  hacking  after  4  p.m.  on  the  first 
day.   Throughout  the  whole  ol  the  second  day  the  resultant  veers 

12 
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oontinuously,  and  continues  so  to  do  antil  sunrise  of  (he  third  day. 
It  then  backs  by  pretty  well  a  right  angle  until  2  p.iD.»  after  whioh 

it  approximates  to  a  normal  position. 

The  intensity  and  angular  Telocity  of  the  resultant  are  displayed 
graphically  in  Fig.  1.  In  this  diagram  O  is  the  origin  of  eo-ordinates; 
and  the  resultant  wind  at  any  time  is  supposed  to  move  from  a  given 
point  on  the  curve  towards  O.  Thus  the  line  joining  XX  to  O  will 
represent  the  position  and  magnitude  of  the  resultant  wind  direction 
(exclusive  of  velocity)  between  7  p.m.  and  8  p.m.  It  is  pretty  clear 
that  the  backing  indicated  by  Table  12  between  4  p.m.  and  midnight 
of  the  first  day,  and  between  6  a.m.  and  3  p.m.  of  the  third  day,  is 
only  apparent,  and  that  the  extremity  of  the  resultant  steadily  veers 
hour  after  hour.  There  are  one  or  two  minor  irregularities  which 
would  most  likely  be  smoothed  out  in  a  longer  series.  The  whole 
portion  of  the  curve,  however,  of  the  day  before  lies  in  a  loop  outside 
the  origin  to  the  north,  and  that  of  the  day  after  is  also  wholly 
outside  to  the  south-south- west.  In  the  normal  curve  of  Kimberley 
wind  the  veering,  both  in  tabular  and  diagrammatic  form,  is  complete, 
the  origin  being  inside  the  curvo.  Tiie  orientations  of  the  major 
axis  of  the  normal  curve,  and  of  those  in  our  diagram,  are  pretty 
nearly  the  same.  Hence  it  seems  that  one  of  tiie  most  important 
variations  introduced  by  the  passage  of  a  depression  is  to  transfer 
the  normal  resultant-direction  wind  curve  bodily  to  th(!  north  of  the 
origin  as  the  depression  approaches,  and  to  the  south  as  the  depres- 
sion recedes.  The  vane  tends  strongly  to  the  north-west  of  tlie 
normal  direction  during  the  morning  of  the  day  before,  and  still 
further  westerly  during  the  morning  of  the  day  of  lowest  pressure : 
it  also  tends  strongly  south-west  of  its  normal  jiosition  dining  the 
afternoon  of  the  day  after.  At  H.'^O  a.m.,  e.ij.,  the  normal  resultant 
direction  makes  an  angle  of  62  degrees  with  the  east  and  west  line, 
whereas  31  hours  l)efore  the  passage  of  the  centre  it  is  69  degrees, 
and  seven  hours  before  it  is  100  degrees.  An  etlect  of  this  is  that 
pronounced  easterly  directions  are  eliminated  in  cyclonic  weather, 
although  they  are  not,  as  it  happens,  replaced  by  very  decided 
westerly  directions. 

In  1S'.)4-')  I  made  some  comparisons  between  the  barometric 
pressures  of  Kimberley,  Durban,  and  Cape  Town  (as  published 
casually  in  the  Cnjte  Tilings).  It  seemed  from  this  that,  on  the 
whole,  low  pressures  were  experienced  during  the  same  day  at 
Durban  and  Kimberley/''  but  from  20  to  40  hours  earlier  at  Cape 

•  The  annuiil  depression  of  \hf  middle  of  July  i.s  expcrictiotd.  on  the  whole.  A 
dny  rarlier  at  Durban  than  :<t  Kiini)eiiey  Sec  "  Some  Pramure  and  Ittopcratttre 
ilesulu,"  dc,  In  TrtiM.  8.  A.  i'hii.  Soc,  \ol.  xi.,  pt.  4. 
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Town.  I  was  unable  to  advance  the  investigation  far  for  lack 
of  material.  In  1901,  however,  Professor  J.  T.  Morrison,  working 
on  a  better  basis,  quite  independently,  said  that  he  had,  with  the 
help  of  Mr.  C.  Stewart,  made  a  comparison  of  the  daily  pressures  at 
Gape  Town  with  those  of  Durban  and  Kimberley,  and  found  that 
while  the  several  places  showed  the  same  changes,  Cape  Town  was 
almost  inyariably  a  day  earlier  than  Durban.'^  Fig.  2  gives  a 
specimen  of  ihe  sort  ci  evidence  upon  which  my  own  opinion  was 
founded.  II  Is  a  diagram  drawn  by  me  in  May,  1894,  to  depict  the 
zdalum  between  tlie  timitltaneoiis  diangee  of  pcesaitte  at  Eenilworth 
(Kimberley)  and  Cape  Town.  Durban  preanuet  were  added  a  few 
montlis  later  horn  some  obeenratlonB  loudly  tent  me  by  Mr.  Nevill ; . 
and  within  the  laat  few  weeks  I  haye  been  able  to  add  those  for 
Bast  London  from  observations  kindly  lent  to  me  by  the  Harboor 
Board.  The  oompazatire  eharto  for  other  months  of  1894  and  1896 
are  equally  oondnsive,  bnt  May,  1894,  is  given  in  partionlar  beeaose 
in  that  month  the  Cops  Time$  happened  to  print  the  daily  observa- 
tions withont  a  break.  The  Kimberley  pressures  are  plotted  from 
observations  made  three  times  a  day,  at  8  a.m.,  2  p.m.,  and  8  pan. ; 
Cape  Town  from  two,  at  8  aon.  and  noon ;  Durban  one,  at  9  a.m. 
(Natal  time) ;  Bast  London  one,  at  8  ajm.  The  diagram  leaves  very 
little  doobt  that  eraste  and  depressions  appear  at  Durban  and  Kim- 
berley on  the  same  day,  at  Bast  London  slightly  earlier  on  the 
average*  and  at  Cape  Town  earlier  still.  This  fact  disposes  of  the 
idea  (if  sooh  a  random  goess  wanted  disposing  of)  that  depressions 
travel  from  west  to  east  across  South  AMoa.  It  also  proves  that 
they  do  not  oome  from  the  Lidian  Ocean,  nor  &om  the  norih. 
Plainly  they  oome  inland  from  some  southerly  direction,  by  preference 
south-westerly.  I  have  tried  to  oairy  an  imaginary  cyclone  aeross  a 
map  of  South  Africa,  which  should  account  for  Fig.  S,  and  in  which 
the  eyokmio  winds,  combined  with  the  normal  winds  of  Kimberley, 
should  give  the  resultant  winds  of  Eig.  1.  A  cydonio  path  from 
about  south-west  to  north-east  accounts  most  satisfactorily  for  both 
diagrams.f  Further  zeseareh  may  improve  the  method  and  lay 
down  the  actual  mean  path  of  the  centres  of  the  depressions,  and 

*  Saft  **Soiiie  Prennra  and  Ttmpamtnn  Bwnlts,**  Ae,,  in  Tm»$,  S.  A.  PhiL 
Boo.,  ToL  st,  pt  4,  p.  U. 

f  To  a  certain  extent  bearing  upon  this  is  a  remark  of  Sparrman :- - "  The 
people  at  this  place  [Zwcllendam]  pretend  to  have  observed  that  the  wind,  when 

Uflw  from  the  south-east  at  the  Cape,  was  always  northerly  with  them;  and 
that,  when  it  Iwd  eo— <d  raining  at  the  Cape,  they  had  «tQl  slight  sliowon  at 
SnirilnMlam."  (Sparrman, "  A  Voyage  to  the  Cape  of  Good  Hope,"  second  edition,, 
1786t  ynA,  L,  p.  328).  Tlie  Miertioii  has  probably  lome  foondation  in  fact. 
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I  also  may  distinguish  between  the  paths  of  the  different  varieties  of 

I  depression,  but  it  will  oertainly  not  greatly  modify  the  mean  diiaotioa 

here  claimed. 


TABLE  1. 


MoMTHLT  Mbams  ov  Babombtbio  Pbbbbubb  dubibo  thb  Pasbaok 

OF  A  DbFBBSBION. 


Day  B«fora. 

Day. 

Day  After. 

Normal 
Mmuw. 

Inobes. 

  . 

Inches. 

Inches. 

InehM. 

26-011 

25-961 

26020 

26-006 

26-045 

25-963 

26015 

26067 

26069 

25-991 

26-082 

26-089 

26124 

26-058 

26105 

26177 

26-205 

26087 

26146 

26-223 

26-238 

26149 

26190 

26-299 

Joly   

26147 

26-067 

26-207 

26-249 

26-111 

26037 

26-151 

26-231 

26-143 

26-061 

26198 

26171 

26-090 

2rr956 

26-058 

26-086 

26  040 

20-961 

26029 

26  039 

26013 

25-937 

26-010 

26-026 

26-108 

26020 

—                  "  • 

26*101 

26139 
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TABLB  fi. 

HOUBLT  MSANS  OF  BAROMETRIC  PhRSSURB  DUBOfa  TB£  PaSBAOB 

OF  A  DurUEbblON. 


Hour. 


M   

I  

TI  

IIL  

IV  

V  

VI  

vn  

vm. 

IX.  ..... 

X.  ..... 

XI.  ..... 

Noon  ., 

xm. . 

XIV.  . 

XV  

XVI.  . 

xvn.. 

xvin. 

XIX.  . 

XX  

XXI.  . 

xxn.. 
xxm. 


AverafH. 


laches. 

26*147 
26*142 

26-135 
26130 
26129 
26133 
26148 
26151 
26-159 
26159 
26152 
26*139 
26114 
26087 
26064 
26050 
26041 
26*087 
26-043 
26050 
26062 
26065 
26068 
26*066 


26*108 


26*060 

26-051 

26042 
26035 
26032 
26036 
26-044 
26051 
26058 
26-057 
26051 
26*096 
26011 
25-986 
25-965 

25-  954 

26-  948 
25*966 
25-972 
25-992 
25011 
25030 
25-044 
26*049 

26020 


Day 

Ait«r. 


Inches. 

26*062 

26052 
26052 
26055 
26-063 
26075 
26*093 
26110 
26-128 
26-135 
26137 
26131 
26*119 
26104 
26091 
26084 
26-082 
26*086 
26097 
261 12 
26-128 
26140 
26-147 
26*160 

26*101 


DeviatioQ  from  the  Normal. 


Day 
Before. 


Inoh. 

+  004 

+  003 
•000 
-002 
-•005 
-008 
-010 
-014 
-016 
-020 
-024 
-*026 
-*031 

-  037 

-  041 

-  044 
-048 
-064 

-  -057 

-  -063 
-065 
-•072 
-•075 
-•079 

.038 


Day. 


looh. 

-•088 

-*oe8 

•093 
"  -097 
-102 
-105 
-109 
-114 

-  -117 
-•122 
-•125 
-•129 
-134 
-•138 

-  140 
-140 
-141 
-136 
-•128 
-121 
-113 
--107 
-099 
-•095 

-•116 


Dav 
After. 


Inch. 

-098 

-087 

-  083 
-077 

-  -071 
-066 
-•060 
-055 
-047 

-  -044 
-039 
-•084 
-*026 
-•020 
-014 

-  -010 
-007 
-*006 

003 
001 
001 
003 
004 


+ 
+ 
+ 


+  •006 


-*085 
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TABLE  3. 


HoMTHiiY  Means  of  Aib  Tkmpb&atube  dubino  the  Pabsaob 

OV  A  DBPBtmiOM. 


Dfty  Before. 

Day. 

Day  Alter. 

Nomoai  Meana 

o 

o 

o 

e 

76-3 

76-2 

73-6 

74-2 

Febmary  ... 

76-8 

76*2 

71-9 

74*4 

68-6 

68-8 

66-2 

69-5 

64-2 

64-2 

690 

630 

64-5 

65-7 

49-8 

64-1 

61-3 

61-8 

47-6 

49-6 

July   

61*6 

50-5 

48-6 

48*4 

67-6 

67-3 

481 

54-6 

September... 

62-8 

64-6 

64*8 

621 

October  

68-4 

690 

62-3 

65-3 

November  ... 

72-2 

74-2 

681 

710 

December  ... 

76-2 

76-8 

71-2 

74-4 

Year   

64*9 

65-4 

59  0 

63-4 
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TABLE  4. 


HoDBLT  1£han8  ov  Ax&  Tbkfibatobb  Binairo  vea  Pabsaob 

or  A  DiFBBSBIOH. 


DtflalioB  ftan  ttMHonnal. 


Befom. 


Day 
After. 


B«Cora. 


M  

I.   

II  

UI.  ... 
IV.  ... 

V  

VI.  ... 

vn. ... 
vm. 

IX.  ... 

X  

XI.  ... 

Noon 

xm. 

XIV. 
XV.  ... 

XVI. 
XVII. 

xvin. 

XIX. 
XX.  ... 
XXI. 
XXII. 

xxm. 


66-8 
56-8 

'  54-6 

63-7  I 
,  52-9 

62-2 
'  62-3 

661 

611 
.    66-8  I 

71-3 

74-6  I 

77-  1 

78-  7 

79-  4  I. 
78-6  ' 

\  78-3 

751 
I  70-8 

06-6 

640 

61-9 
I  60-5 
'  69*4 


64-9 


58-  3 
67-1 

56- 1 
55-5 
54-9  ' 
54-2  I 
64-3 

66-  6 
621 

67-  3 
71-3 
761 

77-  4 

78-  8 

79-  2 
78-8 
76-9. 
74-8 
70-6 
66-9 
64-4  i 
62-0 

59-  7 
68*0 


65*4 


56-3 
64*6 

531 
520 
50-9 
49-5 
490 
60-7 

55-  3 

59-  7 

63-  2 
66-4 
68-7 

70-  6 

71-  5 
71-7 
710 
68-2 

64-  8 

60-  9 
o8-5 

56-  3 
54-4 
631 


69-6 


+  0-5 
+0-6 

+  0-6 
+  0-5 
+  0-5 
+  0-7 
+  0-7 
+  1*4 
+  20 
+  20 
+  2-4 
+  2-4 
+2-6 
+  2-4 
+  2-5 
+  1-8 
+  2-6 
+  2-6 
+2-8 
+  2-2 
+  1-8 
+  1G 
+  1-7 
+  20 


+  1-7 


+  20 
+  1-9 

+  2-1 
+  2-3 
+  2-5 
+  2-7 
+  2-7 
+2-8 
+  30 
+  2-5 
+  2-4 
+  2-8 
+2-8 
+  2-5 
+  2-3 
+  2-0 
+  2-2 
+  2-3 
+2*6 
+  2-6 
+  2-2 
+  1-7 
+  0-9 
+  0-6 


+  2-2 


Day 
After. 


00 

-0-7 

-0-9 
-1-2 
-1-5 
-20 
-2-6 
-30 
-3-8 
-4-9 
-6  7 
-6-9 
-6-9 
-5-7 
-5-4 
-51 
-4-7 
-4-3 
-8-7 
-3-6 
-3-7 
-40 
-4-4 
-4-8 


-8-6 
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TABLE  5. 

Monthly  Mbanb  of  Dew-point  Temperatubb  dubdto  thi 

Passaqb  of  ▲  Dbfbsbbion. 


DaarB«fte». 

D»j  After. 

NoohIMnim. 

January  

p 

51-6 

o 

51-2 

o 

41-7 

52-4 

February  ... 

54-5 

53-3 

52-2 

52-6 

March   

62-3 

52-2 

47-2 

65-2 

April   

May   

49-3 

49-2 

44-7 

50-4 

41*6 

411 

87-2 

June   

34-7 

35-5 

34-6 

34-8 

•Tilly   

31-8 

32-9 

30-8 

33-8 

Au^nist   

September ... 

37-4 

3G-4 

33-8 

350 

37-2 

37-3 

340 

37-9 

Oetober  

41*4 

41*6 

87*9 

43-2 

NoYember ... 

40-4 

42*2 

41*5 

44-3 

December  ... 

61-7 

48-9 

41-7 

60-1 

43-7 

43-6 

39-8 

440 
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TABLE  G. 

HoUBItT  MbAKB  OW  BbW-POINT  TmPBBATUBB  DUBINO  THB  PaSSAQB 

OF  A  Dbfubsbion. 


1 

Hour. 

Deviallon  txvm  the  Norm*]. 

Dny 
Before. 

Day. 

Aflor. 

o 

40-  4 
40*8 

89*9 

39-  4 
390 

38-  6 
390 
89*8 
40*8 

41-  4 
41-4 
41-5 

40-  9 
40-6 
40-3 

39-  7 
39-5 
39-8 
89*5 
89*6 
38-9 

38-  4 
37-9 
37  5 

39-  8 

Day 
Before. 

Day. 

Day 
AfUr. 

M  

I  

n  

III.  , 

IV  

V  

VI. 

vn  

VIII.  ... 

iX  

X  

XI  

Noon  ... 

xm.  ... 

XIV.  ... 

XV. 

XVI.  ... 

xvn. ... 
xvm... 

X 1  X«  ■•• 

XX.  ,. 

XXI.  ... 

XXII.  ... 

XXIII.  ... 

o 

42-  2 

43-  5 

42*2 
41-7 

41-5 

41-  5 

42-  2  1 
431 

44-  2 
451 
452 

45-  2 
44-9 
44*6 
44-3 
441 

43-  8 

44-  5 
44*5 
44-7 
44-4 
440 
43-7 
43-5 

o 

43*3 
48-6 

43-5 
43-4 
43-2 

43-  4 
440  j 

44-  7 

45-  4 

40-  0 
45-8 
45-6 
44-9 
44*6 
44  1 
43-6 
42-8 
42-7 
42*8 
420 

41-  4 
40-9 
410 
40-8 

o 

-0-5 
.-0*8 
-0-4 
-0-7 

-0-7 
-0-8 
-0-4 
-0*8 
-0-3 
-0-2 
-02 
-01 
-01 
-01 
-01 
+  01 
00 
00 
+01 
+  0-5 
+  0-6 
+  0-7 
+  0-6 
+0*6 

OO 

o 

-fO-6 
+  0-8 
+0-9 

+  10 
+  10 

+  1-1 

+  1-4 
+  1*8 

+  0-9 
+  0-7 
+  0-4 
+  0  3 
-0*1 
00 
-0-3 
-0-4 
-10 
-1-8 
-21 
-2*2 
-2-4 
-2-4 
-21 
-21 

o 

-2-3 

-2*5 

-2-7 

-30 

-3-2 

-3G 

-3C 

-8*6 

-3-7 

-3-9 

-40 

-3-8 

-41 

-40 

-41 

-4-3 

-4-3 

-4-7 

-4*9 

-4-6 

-4-9 

~4-9 

-5-2 

-6-4 

43-7 

43-6 

-0-2 

-8*9 

Digitized  by  Google 


184   TrantaetioHt  of  the  8<mth  Afriem  Pkihiophieal  Society, 


TABXiE  7. 

MbANB  or  O^UD  PlBCEKTAOE  DUBOIO  THB  PaBSAOB  OF  A 

Depbbbsion. 


Day 
Before. 

Day 
After. 

Dftv 
Before. 

Day. 

Day 
After. 

vm  

% 

% 

% 

% 

«^ 

29 

41 

27 

0 

-  2 

XI  

26 

87 

96 

8 

+ 

9 

-  a 

XIV  

40 

51 

26 

+ 

3 

+  14 

-u 

XVII  

35 

40 

22 

0 

+ 

5 

-18 

XX  

33 

33 

13 

6 

+ 

6 

-14 

XXllI  

34 

27 

8 

+  11 

+ 

4 

-15 

33 

38 

20 

+ 

3 

+ 



8 



-10 

TABLE  8. 

Total  Houblt  Bain  Fkkqi  enct  during 

of  105  dspbbbsions. 


THB  PAflSAOB 


Boor  Bndiiif 

Day  B«fora. 

Day. 

DayAll«. 

I.  

TlmM. 
4 

Tia«. 

4 

n  

8 

8 

8 

Ill  

2 

8 

8 

IV  

1 

3 

8 

V  

4 

4 

2 

8 

8 

VII  

8 

8 

VIIT  

1 

8 

IX  

2 

8 

1 

1 

2 

XI  

2 

4 

8 

8 

XIII  

2 

6 

1 

XIV  

8 

5 

1 

XV  

8 

6 

1 

XVI  

6 

7 

2 

XVII  

4 

11 

8 

XVIII.   

4 

9 

2 

XIX  

6 

8 

1 

XX  

10 

8 

8 

XXI  

6 

7 

6 

XXTT  

7 

5 

6 

xxin  

■  8 

8 

4 

6 

2 

1  82 

124 

66 
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TABLE  9. 

Monthly  Means  of  Wind-velocity,  in  Miles  per  Day, 

OUAINO  TBM  PaSSAQS  OF  A  DaPBBSSIOM. 


Januan-  .. 
February  .. 

Masteh.  

Aviil  

May  

June  

July   

August  

September 
Ootober  .. 
November 
December 

Year  


If.  per  D. 

im 

145-  2 
149*1 

116-0 

1001 
128-8 
143-7 
167-7 
148-6 
166-4 
147-1 
166-7 

146-  5 


M.  per  D. 

213-5 
209-2 
168*1 
182-9 

164-5 
166-2 
1760 
2221 
238-8 
261-2 

2X2-3 
201-2 


M.  p«r  D. 

149-3 
2160 
181*0 
118-2 

166-4 
1210 
120-7 
126-7 
178*7 
I960 
163-2 
166-2 

154*0 


I 
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TABLE  10.  . 

HouBLT  Means  of  Wind-vkl.ocitv,  in  Mil.es  i'eu  Hour,  during 

TBB  Pabsaob  of  ▲  DaPBisnoN. 


Hour  Ending 

Avenges. 

Deviation  from  the  NonoaL 

Day 

Before. 

Day. 

Day 

AfUT. 

Day 

liefore. 

After. 

n  

Ill  

IV  

V  

VI  

vn  

VIII  

IX  

X  

XI  

xm.  ... 

XIV. 

XV  

XVI.  ... 

XVII.  ... 

xvra  

XX  

*^  X. 

XXII. 
XXIII.  , 
Midni^t  

M.  p«r  H. 
4.4 

4.4 

4-3 
4-2 
4-2 
4*5 
4-8 
6-6 

6-  6 

7-  8 

8-  5 

8-  6 

9-  0 
8-9 
s-8 
8-5 
7-6 
6-4 
6-6 
51 
4-6 
4-5 
4-7 
4-6 

M-perH. 
4.4 

4-5 
4 '5 
4-4 
4-5 
51 
6*3 

8-  4 
101 
110 
121 
12-9 
131 
131 
131 
12-6 
10-8 

9-  0 
8-4 
7-9 
7-5 
6-7 
6-6 

61' 

5-9 
5-9 
5-8 

5-  7 

6-  0 
6-5 

6-  8 
71 

7-  2 

7-  4 
7.7 

8-  0 
7-8 
7-6 
7-0 
6-4 
6*6 
5-6 
5-5 
5-6 
5-3 
5-5 

M.perH. 

-0-6 
-06 

-0-4 
-0-4 
-0-2 
+01 
0-0 
+01 
+01 
+0-6 
+  0-9 
+0-9 
+1-2 
+  1-2 

+1-1 
+  1-2 
+0-9 
+0-6 
+0-4 
-01 
-0-7 
-0-7 
-0-5 
-0-6 

M.perH. 

-0-6 
-0-6 

-0-2 
-01 
0-0 
+0-1 
+0-3 
+0-8 
+  1-9 
+  2-9 
+3-4 
+4-4 
+51 
+5-4 
+5-4 
+5-8 
+5-9 
+50 
+3*8 
+3-2 
+2-6 
+  2-3 
+  1-5 
+1-8 

ILpcrB. 

+1-8 
+1-2 

+  1-2 
+  1-3 
+  1-4 
+  1-3 
+  1-2 
+1-0 
+0-3 
-01 
-0-4 
-0-8 
-0-1 
+0-3 
+01 
+  0  3 
+0-3 
+0^ 
+0*8 
+0-4 
+0-2 
+0-4 
+  0-1 
+0*8 

6*2 

8-4 

6*4 

+0-3 

+2-5 

+0-5 
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TABLE  11. 

Number  of  HoiniB  of  Wdid  in  106  Depbesbioms 
(315  Days)  fbom  bach  of  tbb  Sixtbbn  Standabd 

X)lBSCTIONB. 


DayBiftn*. 

Day. 

266 

202 

40 

N.N.B  

197 

164 

26 

207 

157 

45 

E.N.E  

346 

18G 

74 

E  

173 

72 

46 

B.8.B.  ••.....*..•« 

114 

69 

189 

S.E  

97 

66 

203 

118 

59 

846 

S  

67 

110 

360 

s.s.w  

88 

258 

502 

s.w  

81 

234 

374 

W.8. W.  •■■«*■••• 

96 

162 

179 

w   

86 

112 

57 

W.N.W  

112 

180 

35 

N.W  

152 

198 

43 

N.N.W  

330 

303 

61 
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THE  YOLGANIO  FISBUBE  UNDBB  ZUUBBEBO. 
Bt  a.  W.  Boobbs,  M.A.,  F.Q.S. 

(Bead  June  28,  1905.) 

The  general  struoture  of  the  Zuurberg  was  described  many  year& 
ago,  first  by  A.  6.  Bain,"^  who  drew  »  seetbn  (No.  11  of  his  paper) 
through  the  range  in  the  avM  idih  which  Ibis  paper  deals,  and 
secondly  by  B.  Pinchiii,f  who  made  ft  wnMlj  executed  map  and 
sectkm  of  the  same  araft.  Both  these  geologists  gave  sabstftDtially 
ooneot  oq^anatioiui  of  the  range,  though  the  exaggerated  vertical 
scale  naed  bj  Pinchin  obscures  one  of  the  main  features  of  the 
moontains,  that  they  were  redooed  to  a  comparatively  leyel  sor&oe,. 
on  which  the  differences  between  the  harder  and  softer  strata  are 
scarcely  noticeable,  before  the  great  Uoofo  were  carved  out  of  them ; 
the  Tiew  of  Bain  that  the  Dwyka  conglomerate  was  a  eontempora-  ' 
neons  volcanic  rock,  and  Pinchin's  opinion  that  it  was  a  meta- 
morphio  rook,  did  not  aflfoct  the  general  question  of  the  strnctore  of 
the  range,  as  both  antbors  knew  that  it  lay  oonformably  amongst 
the  other  beds  forming  the  mountains. 

During  the  past  month  I  have  been  working  along  the  southern 
flank  of  the  Zuurberg,  between  Enon  on  the  west  and  BeUevue  on 
the  east.  The  main  part  of  the  range  is  made  of  the  Witteberg 
beds  thrown  into  two  or  three  great  folds,  the  vertical  height  of 
which  must  be  over  1,000  feet,  and  the  limbs  of  these  folds  are  at 
places  themselves  folded  on  a  small  scale,  eq^edaliy  along  the  shale 
bands.  The  Dwyka  conglomerate,  accompanied  by  both  the  Upper 
and  Lower  shales,  follows  to  the  south,  where  the  dips  are  very  high 
in  that  direction,  or  rather  some  5^  to  20^  west  of  south. 

The  great  area  of  TJitenhage  beds  occupying  the  lower  portion  of 
the  valleys  of  the  Bushman's  and  8unday*s  Bivers  is  ushered  in  by 
the  Enon  eoo^omerates,  typieally  developed  near  Enon,  where  they 
form  a  belt  of  bushy  country  about  three  milee  wide  at  the  foot  of 

•  A.  G.  Bain,  **  Traus.  Geol.  Soc,"  Second  Series,  vol.  vii. 
t  B.  Pinehin, "  Q.  J.  G.  S.,**  vol.  mi.,  p.  106,  and  figs.  8,  4. 
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the  Zuurhorg.  Fui  tlu  r  east,  along  the  road  to  tlie  Zuurboi  f:  Pass, 
the  coDglomerates  are  much  less  conspicuous,  and  they  can  hardly 
exceed  a  width  of  half  a  mile.  Along  the  Coerney  River  they  widen 
out  again,  hut  near  Sandflats  tliey  perhaps  disappear  coiujiletely  at 
the  surface,  for  the  red  and  gi'ey  marls  of  the  Uitenhage  beds  are 
almost  in  contact  with  tlie  Wittel>erg  quartzites,  and  I  could  only 
find  a  narrow  hand  of  conglomerate  at  a  few  spots.  At  Sandflats 
Station  a  borehole  has  been  simk  within  two  miles  of  the  Witteberg 
beds  to  a  depth  of  1,500  feet  through  sandstones  and  marls  of  the 
Uitenhage  formation  without  striking  any  conglomerate  ;  the  beds 
penetrated  lie  practically  flat,  as  is  the  case  with  the  similar  rocks 
at  a  few  miles  distance  from  tlu?  mountains  further  west.  The 
exposures  on  or  near  the  scnuhern  edge  of  the  conglomerate  show 
considerable  southerly  dips  up  to  4o  .  I  caimot  here  go  fully  into 
the  question  of  the  relationship  of  the  Enon  beds  to  the  marls  and 
sandstones  of  the  Uitenhage  series,  hut  one  result  of  my  recent 
journey  has  been  to  strengthen  the  opinion  previously  arrived  at, 
that  the  three  subdivisions  (i.e.,  Enon,  Wood  beds,  Sunday  River 
beds)  of  the  series  are  not  strictly  successive  deposits,  but  were 
partly  contemporaneously  formed  under  dilTerent  circumstances. 
On  this  view,  as  on  the  supposition  of  a  strict  succession  of  the 
three  subdivisions,  the  great  variation  in  width  of  the  Enon  outcrop 
along  the  foot  of  the  Zuurberg  requires  explanation,  and  the  most 
probable  explanation  is  that  the  area  now  occupied  by  the  Uitenhage 
formation  has  been  let  down  along  a  fault  following  approximately, 
but  not  exactly,  the  trend  of  the  Zuurberg  range.  The  increased 
but  varying  dip  of  the  conglomerates  towards  their  northern  lK>un- 
dary  supports  this  supposition,  which  is  in  accord  with  the  observa- 
tions of  Mr.  Schwarz  "'  in  the  Willowmore  and  Uniondale  Divisions, 
that  the  outliers  of  the  Uitenhage  beds  there  are  faulted  down 
against  the  older  rocks  to  the  north  of  them.  The  high  dip  of  the 
Enon  beds  is  expressed  on  Bain's  section  No.  II.,  but  the  dips  there 
given  to  the  succeeding  beds  are  much  too  high.  In  Pinchin's  sec- 
tion (Fig.  4)  the  dip  is  also  shown,  but  the  relations  of  the  con- 
glomerate to  the  finer-grained  deposits  farthier  south  are  wrongly 
given.  The  few  sections  available  along  one  line  ci  seelion,  e.g., 
from  the  Znnibeig  Pees  to  the  heights  behind  Coemey  Station, 
certainly  show  that  the  soatherly  dip  decreases  regolarly  as  one 
travels  sonthwards,  and  that  low  northerly  dips  appear  in  places. 

The  northern  boundary  of  the  Biishman-Snnday  Bhrers'  area  of 
Uitenhage  beds,  then,  we  may  take  to  be  a  faidt.  Mr.  Schwtn 
noticed  extensive  shattering  of  the  beds,  either  of  the  Uitenhage 
*  E.  H.  L.  Sohwan, "  Aim.  Bap.  GooL  Conun.  for  1908,'*  pp.  7S-187. 
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beds  theniMlTBt  or  of  the  older  stnila  agaiiist  wfaioh  they  lie,  along 
the  fftnh  lines  in  Willowmore  sod  Uniondale,  but  Ihis  shattering 
seems  to  be  greatly  la  etoess  of  what  one  would  expeot  along  faults 
of  no  very  great  throw. 

Along  the  fault  sooth  of  Zmirbeig  there  are  not  only  breodas 
somewhat  similar  to  those  of  Uniondale  and  Willowmore,  bnt  a  moet 
remarkable  band  of  lavas,  aooompanied  by  breooias  of  a  more  peculiar 
type  than  those  mentioned  above. 

The  oountry  I  am  now  dealing  with  is  not  a  favourable  one  for 
geological  observations ;  it  is  well  covered  with  bush,  which  is  in 
plaoes  quite  impenetrable,  and  the  rich  development  of  soil  hides 
the  miderlying  rook  over  wide  areas.  The  stream  beds,  too,  although 
they  lie  in  abnost  preeij^tous  Talleys  and  have  very  steep  grades,  are 
usually  choked  with  a  mixture  of  soil,  bllen  rook  fragments,  and 
▼egetafcion.  The  following  description  is  therefore  necessarily 
inoomplete,  and  may  be  somewhat  modified  by  future  work. 

Travelling  along  the  road  from  Goeroey  Station  to  Zuurbeig  Pass, 
after  crossing  the  waterless  Coemey  Btver,  one  sees  occasional  road- 
side quarries  in  coloured  marb,  which  dip  south  at  25^  at  one  place, 
and  near  the  lower  end  of  the  long  hill  in  the  yalley  trending  south- 
east there  are  artificial  eiqsosures  of  the  red  Enon  conglomerate 
dippmg  south  at  about  86^  The  road  lies  about  W.N.W.,  but  the 
trend  of  the  rocks  is  nearly  east  and  west,  and  after  an  interval  of 
some  hundred  yards  the  rook  exposed  in  the  ditch  by  the  roadside  is 
a  highly  vesicular  lava,  dull  red  outside  and  reddish-Uack  within. 
In  the  bottom  of  the  valley  at  this  place  a  well  has  been  dug,  and 
most  of  the  material  thrown- out  is  a  heavy,  dark,  almost  blacky 
rather  soft  igneous  rook,  with  many  amygdales  of  some  black  sub- 
stance.  Near  the  surface  the  rock  has  a  similar  appearance  to  that 
seen  along  the  roadside,  and  tiie  apparent  difference  between  the 
two  rooks  is  probably  due  to  weathering.    As  I  have  not  yet  had  the 
opportunity  of  making  a  close  examination  of  the  lavas  and  other 
rocks  of  this  fissure,  I  shall  not  go  into  the  question  of  their  petro* 
logical  nature.    Proceeding  up  the  road  the  next  outcrop  is  seen  in 
tlie  ditch  about  400  yards  above  the  well,  and  there  we  have  greatly 
disturbed  thin  shales  and  limestones,  belonging  to  the  Upper  Dwyk& 
shales,  and  a  few  yards  further  on  there  is  a  road  quarr\  in  typical 
Upper  Dwyka  shales,  which  are  here  also  highly  disturbed ;  there 
follows  the  usual  downward  succession  through  the  Dwyka  con- 
glomerate, Lower  Dwyka  shales,  and  the  Witteberg  formation  (see 
Fig.  1).    I  could  not  get  a  close  estimate  of  the  width  of  the  dyke- 
like body  of  amygdaloidal  lava,  but  it  is  not  more  than  100  yards 
wide.  Erom  the  well  to  the  top  of  the  ridge  south  of  the  road,  but 
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foryier  weet  than  the  well,  is  a  vertical  height  of  about  300  feet ; 
fragments  of  the  lava  are  met  with  at  intenrals  along  (he  cattle 
tracks  up  it,  and  outcrops  occur  on  the  summit  near  some  Kaffir 
huts.  I  followed  this  lava  ridj^e  four  miles  to  the  west,  where  it  is 
out  lilizoagh  by  the  White  Biver,  but  the  lava  is  continued  at  leait 


COCRNCV 
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Aci*       Section  south  from  Zuurberp.    Distance  B  miles.  Vertical  scale  twice  the  h 

1.  Witteberg  be*is.    2.  Lower  Dwyka  shales.  3.  Dwyka  conglouiertitc. 

4.  Upper  Dwyka  ah&lea.  5.  Voloaoio  rock.  6.  £non  conglomerau*. 
7.  ShalM,  Ac,  ot  UitenhagQ  Mm, 


six  miles  farther  to  the  west  behind  the  red  conglomerates  of  Enon. 
On  the  farm  Kremlin  (on  the  eastern  boundary  of  the  Uitenhage 
Division)  the  lava  dyke  widens  out  to  about  SCO  yazds,  and  it  is  in 
oontact  on  the  north  side  with  the  Dwyka  oongldmerate,  the  Upper 
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B  Y^CCC  L  ct. 

Fie.  S.— PlsD  ct  lava  and  firagnmntal  rodn  on  Slag  Boom. 

shales  being  cut  out.  On  Slag  Boom  the  Toleanie  fissore  widens  to 
about  800  yards,  and  the  lava  is  aooompsnied  by  masses  of  red, 
yellow,  and  white  toff,  and  bnff^oored  brooeia  eootaiBipg  a  few 
pieoes  ol  qoartsite  that  may  have  oome  from  the  Wittebeig  fonna- 
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tKm.  The  lava  In  Hkds  wide  portion  of  ihe  fissure  ▼aries  oonsider- 
ably ;  it  is  nsiieUy  very  full  of  smygdales,  or  it  is  vesioalar  owing  to 
the  infilling  substanee  having  been  removed,  bat  at  places  it  beoomes 
nearly  oompaet.  The  relatioiiship  of  the  lava  to  the  toff  in  this 
looality,  as  in  oUiers  to  be  mentioned  below,  is  diffieoh  to  asoertain 
for  want  of  ontorops,  bat  on  a  part  of  the  ridge  near  the  south-east 
boundary  ci  Slag  Boom  I  was  able  to  make  the  plan  shown  in  Fig.  2, 
There  is  ooe  general  rule  oonceming  the  relationship  of  the  two 
lands  of  rock,  taff  or  breccia  and  lava,  which  fill  the  fissure ;  pieces 
of  lava  do  not  occur  in  the  fragmental  rocks,  but  pieces  of  the  tufb 
are  often  enclosed  by  the  lava.  In  Fig.  2  it  is  obvious  that  the.  lava 
forms  vein-like  bodies  in  the  tuff.  On  Slag  Boom  the  volcanic 
fissure  following  the  fault  bends  nearly  noiiih-west  before  a^niin 
taking  a  westerly  course  through  the  Enon  Mission  ground.  The 
height  of  the  volcanic  rocks  at  the  top  of  the  Kremlin-SUig  Boom 
ridge  is  about  800  feet  above  the  White  Biver  on  Slag  Boom,  and 
the  position  of  the  volcanic  fissure  afqpears  to  be  practically  vertical 
(Fig.  3).  I  have  not  followed  the  rook  westwards  beyond  Enon. 
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VW.  8. — Section  through  Slag  Boom,  about  3^  miles.   Vertical  and  horizontal  scale  the  tame. 

1.  Witteberg  beds.    2.  Ix>wer  Dwyka  shales.    3.  Dwyka  conglomerate. 
4.  Volcaoic  rock.  5.  £aon  coQgiomerate.  6.  Shales,  dto.,  of  Uitenhage  beds. 


Throughout  this  part  of  the  fissure  s  course  the  rock  to  the  south  is 
almost  certainly  Enon  conglomerate,  thouf.,'h  the  actual  contact  has  not 
been  seen.  The  conglomerate  country  is  always  marked  by  a  change 
of  character  in  the  soil,  which  l)ecomes  brighter  red  in  colour  and 
more  or  less  heavily  charged  with  rounded  pebbles  and  boulders  of 
quartzite  derived  from  the  conglomerate.  Where  exposures  occur, 
as  on  Enon,  the  track  from  Slag  Boom  to  Coerney,  and  the  Zuurberg 
Pass  road,  the  nearest  rock  to  the  lava  on  its  south  side  is  the 
ordinary  red  Enon  conglomerate. 

Tuimng  now  to  tlie  country  east  of  the  Zuurberg  road,  the 
volcanic  rock  trends  about  E.  10'  S.  towards  the  Coerney  River,  but 
beyond  ascertaining  the  presence  of  the  lava  along  this  line  T  did 
not  follow  the  fissure  across  this  dense  bush  country.  The  lava 
itself  seems  to  come  to  an  end  about  a  mile  from  the  Coerney  liiver, 
for  I  could  find  no  trace  of  it  in  that  valley  or  on  the  hill  just  to  the 
west,  where  it  should  be  seen  if  present.  In  the  bed  of  the  Coerney 
Biver,  just  north  of  the  boundary  between  Bufifel's  Kuil  and  Coerney, 
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there  an  otateropB  of  Dwyka  oonglomente  sepaiated  by  an  inteml 
of  60  feet  of  swampy  groimd  from  the  next  ontorop  to  the  eooih^ 
whieh  is  a  hreceia  of  quartsite  fragments,  angular  and  sub-angular, 
set  in  a  matrix  with  much  caleite.  This  rook  crops  out  for  some 
80  yards,  when  there  is  nothing  else  seen  till  one  meets  with  the  red 
Enon  conglomerate  dipping  at  an  angle  of  46^  to  8.  SO  E.  on  the 
right  bank  of  the  river  on  Goemey  farm.  I  was  uncertain  of  the 
nature  of  this  caloitic  breoda  until  I  found  a  very  similar  rock  in 
close  association  with  the  tufi,  breccia,  and  lava  of  Dnocaim  and 
Mimosa. 

Following  up  the  fault  line  eastwards  &om  Goemey  Biver  the 
lava  is  again  seen  about  a  mOe  from  the  river  on  the  ridge  to  the 
north  of  a  side  valley  descending  westwards  from  Mimosa.^  The 
width  d  the  band  of  lava  rapidly  swells  to  some  1,000  yards,  and 
this  is  maintained,  or  increased,  as  far  as  the  main  valley  descending 
from  the  Kieuw  Post  escaipment  through  Mimosa,  where  the  width 
is  reduced  to  about  700  yards,  but  it  again  swells  near  the  Duncsim 
boundary.  The  most  easterly  trace  of  the  lava  and  tufb  I  could  find 
are  on  Duncaim,  where  they  terminate  bluntly  towards  the  east 
without  any  apparent  gradual  reduction  in  width.  The  termination 
takes  place  on  the  divide  between  the  valley  in  which  Mr.  Beed'a 
boreholes  are  situated  and  the  next  kloof  to  the  east.  East  of  this  I 
found  a  tiiiokness  of  some  20  feet  of  quartsitic  breccia  between  the 
Enon  conglomerate  and  the  Wittebeig  quartsites,  and  at  one  place, 
just  east  of  the  road  to  Waggwa,  the  transitbn  horn  this  breccia  to 
the  solid  unbroken  qusartzite  can  be  followed  inch  by  inch  in.  a  dis- 
tance of  about  80  yards.  In  the  above-mentbned  valley  descending 
from  Mimosa  to  Coemey  Biver  and  on  the  hill  north  of  it  there  is 
some  red  tuff  amongst  the  lava,  but  this  part  of  the  fissure  is  mainly 
filled  vfiik  lava;  in  the  northernmost  head  kloof  of  this  valley, 
which  almost  reaches  the  Nieuw  Post  escarpment,  a  great  body  of 
tuff  and  breccia  is  met  with.  This  mass  of  fragmental  rock  is  quite 
1,000  yards  wide  from  north  to  south,  and  on  the  north  it  is  probably 
in  contact  with  the  Witteberg  quartzites,  cutting  out  the  Dwyka 
conglomerate  and  perhaps  the  Lower  Dwyka  shales,  which  were 
found  both  to  the  west  and  east.  The  shape  of  the  tuff  and  breccia 
mass  cannot  be  determined  on  account  of  the  soil  and  bush,  but  it  is 
probably  a  true  volcanic  neck  in  the  form  of  an  mlargement  of  the 
fissure  we  have  been  tracing.  The  Nieuw  Poet  escarpment  is  a  very 

*  The  turn  MimoM,  belonging  to  Mr.  Wtlton,  U  not  nuurked  as  sooh  on  the 
latoBfc  Divisional  Map  of  Alnandiia.  It  iBdudM  lbs  iMem  cslkd  Thaadtof^  on 
that  map  and  a  part  of  Oorah  (V.  F.  7, 6),  but  I  do  not  know  ita  boundariM. 
MimoM  Station  ii  on  it. 
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steep  face  of  Witteberg  qiiart/ites  ilippinj^  at  angles  of  70  -SO^ 
S.  15°  W.  It  ends  below  in  bush-covert'd  slopes,  but  along  the 
cattle  track  from  Mimosa  to  Nieuw  Post  there  are  several  outcrops 
on  the  divide  between  the  steep  kloofs  descending  east  and  west. 
The  northernmost  700  yards  or  so  of  the  divide  is  sandy  ground 
sprinkled  with  quartzite  fragments  and  overgrown  with  bush.  If 
the  Dwyka  conglomerate  occurred  here  I  think  it  would  show  itself, 
tA  least  in  fragments,  as  it  does  so  in  similar  situations  further 
5V6St ;  the  Lower  shales  do  not  make  themselyes  so  prominent,  and 
they  may  or  may  not  he  present.  South  of  ths  sandy  ground  one 
first  meets  with  •  hrown  micaoeoas  Sftody  rook  with  bright  green 
spots,  a  rook  qiiite  diflforent  from  any  known  from  the  Dwyka  series, 
'  and  it  certainly  belongs  to  the  very  yacied  tafh  of  the  neck ;  then 
follow  soft  andqfoartatic  breccias  with  many  fragments  ol  Witteberg 
or  other  qnartsite,  then  oomee  a  peculiarly  bright  green  breccia  with 
fragments  of  sedimentary  rocks  in  it,  and  this  is  followed  by  a  soft 
pink  toif,  which  soon  gives  place  to  a  red  toff  with  veeides  partly 
filled  up,  and  this  again  to  a  soft  red  or  white  mottled  tnff,  which  is 
followed  by  boff-coloored  breccias  with  much  qnartxite  in  them; 
soft  pink  toff  is  the  last,  and  southernmost,  fragmental'rock  of  this 
neck.  About  20  feet  from  the  last  outcrop  of  tuff  the  usual  amygda- 
loidal  laTa  is  met  with,  but  it  contains  a  great  quantity  of  tuff  cau^^t 
up  when  it  was  in  a  fluid  condition. 

A  good  number  U  outcrops  of  the  lava  were  found  by  following 
the  ridge  along  which  the  track  goes  to  Mimosa,  hut  thm  was  no 
tuff  seen  on  this  ridge.  The  laya  yaries  in  compactness  by  the 
mereaee  or  decrease  of  the  amygdales.  The  amygdales  are  of 
yarions  minerals;  calcite  and  chalcedony  occur,  but  aeolites  are 
more  common.  It  was  curious  to  find  large  chalcedony  amygdales 
that  look  as  if  they  might  haye  come  from  the  Yaal  Biyer. 

In  a  garden  at  the  end  of  this  laya  ridge  in  tiie  main  yalley  on 
Mimosa  there  is  a  larger  outcrop  of  the  laya  than  is  usually  met 
with,  and  in  it  are  seen  bands  of  more  and  less  yesioular  laya,  with- 
out any  definite  diyiding  plane.  There  are  also  irregular  bwids  of 
pipe  amygdales ;  these  are  arranged  perpendicularly  to  the  layers  of 
yarying  texture,  and  indiyiduaUy  may  reach  a  length  of  8  inches. 
All  theee  layers  dip  towards  S.  10°  W.  at  an  angle  of  90°.  The 
occuneoee  of  the  pipe  amygdales,  which  were  noticed  again  on  the 
Duncaim  boundary  thouc^  not  in  place,  is  yery  remarkable,  for  they 
haye  hitherto  been  found  only  in  sur&oe  laya  flows. 

Ooing  up  the  yalley  north  of  this  garden  one  does  not  find  out- 
crops till  one  passes  a  well  sunk  in  the  Dwyka  conglomerate,  above 
tiiis  only  the  Dwyka  and  Witteberg  series  are  seen. 
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At  the  place  where  two  kloofs  join  to  foiui  the  main  valley  a  few 
hundred  yards  east  of  the  well,  there  is  a  small  mass  of  huff  aud 
pink  tuffs,  followed  to  the  south  by  lava  with  many  tuff  inclusions. 
This  body  of  tuff  seems  to  be  a  neck  similar  to,  but  smaller  than, 
the  large  neck  below  the  Nieuw  Post  escarpment. 

A  striking  feature  in  the  breccias  is  the  absence  of  fragments  of 
the  Dwyka  conglomerate,  but  this  may  be  due  to  lack  of  obser\'a- 
tions.  The  breccias  and  tuffs  are  different  froui  any  that  have  been 
described  from  South  Africa,  but  some  of  them  show  points  of 
resemblance  to  tuffs  of  the  Stormberg  area,  and  others  are  not 
unlike  some  of  the  Saltpetre  Kop  breccias,  so  far  as  one  can  judge 
from  hand  specimens. 

Prom  this  small  neck  I  followed  the  lava  up  to  the  divide  between 
Mimosa  (Thornleigh)  and  Duncairn  along  a  bush-covered  slope  and 
in  the  valley  below ;  there  were  very  few  outcrops,  but  the  Dwyka 
conglomei-ate  was  seen  at  one  point  in  the  stream  bed,  and  nothing 
but  pieces  of  lava  and  tuff  or  breccia  above  this  outcrop.  On  the 
divide  there  is  a  short  interval  of  covered  ground  between  the  Witte- 
berg  slope  and  the  northernmost  outcrop  of  lava ;  there  is  no  room 
for  (he  ooourrence  of  ihe  Dwyka  conglomerate  here,  and  probably 
the  Lower  thftlei  axe  also  oat  ont ;  south  of  the  lava  there  is  an  aiea 
500  yards  wide  on  whioh  tuff  and  breocias  only  oocnr;  tiiese 
resemble  in  general  characters  those  on  the  large  neck  on  tiie  Nienw 
Poet  track,  bat  they  include  a  coarse  breccia  of  the  type  seen  in  the 
Ck)emey  Biver  bed.  The  red  taff  in  the  south  part  of  the  neek  is 
penetrated  by  lava,  and  numerous  fragments  of  toff  ooeur  in  that 
rock,  which  occupies  a  belt  of  country  some  600-700  yards  wide 
south  of  the  neck.  To  the  east  the  amygdaloidal  lava  continues  as 
a  band  of  about  000  yards  wide  for  another  mile.  There  is  much 
tuff  mixed  with  the  lava  in  places  along  this  part  of  its  course,  and 
at  one  spot  a  borehole  was  put  down  250  feet  through  a  rock 
described  to  me  as  "  pale-ooloured  sandstone,"  but  of  which  I  oould 
not  see  a  specimen.  It  was  probably  a  tuff  like  the  buff  or  pink 
tufb  of  the  larger  necks.  The  lava  is  in  contact  with  the  Wittebeig 
quartsites  to  the  north  along  this  pert  of  its  course,  and  where  the 
lava  ends  the  Enon  oonglomerate  is  in  contact  with  the  quartsites 
without  the  intervention  of  the  Dwyka  series.  It  is  interesting  to 
note  that  the  front  face  of  Witteberg  quartsite  on  Duncairn  is 
shattered  into  a  breccia,  in  precisely  the  same  manner  as  along  the 
faulted  contact  with  the  Enon  seen  near  the  Waggwa  road.  Thd 
angular  pieces  of  quartsite  are  embedded  in  a  matrix  of  still  further 
comminuted  quartsite.  There  has  been  little  additicm  of  cementing 
substance,  and  the  breccia  is  now  as  a  whole  a  much  more  fragile 
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rock  ihaii  the  solid  quartzite  owing  to  the  waoit  of  a  umforin 
cementation. 

The  total  known  length  of  the  volcanic  band  is  19  miles,  but  it  is 
probably  continued  further  west  than  Enon. 

The  general  hahit  of  the  rocks  in  this  band  proves  that  they 
occupy  a  nearly  or  quite  ve^rtical  fissure,  the  only  exception  being 
the  southerly  inclined  layers  of  different  texture  in  the  Mimosa 
Talley,  but  this  is  a  small  outcrop  in  the  middle  of  a  band  of  800 
yards  width.  I  searched  every  exposure  of  the  Enon  conglomerate 
for  fragments  of  the  lava  and  tuffs,  but  could  hnd  none,  and  the 
general  form  of  the  whole  band  is  not  consistoDit  with  the  view  that 
Ihe  volcanic  rocks  are  contemporaneous  with  the  early  stages  of  the 
TJitenhage  period ;  moreover,  no  voloanio  intercalations  have  ever 
been  found  in  those  strata.  It  is  also  evident  that  the  volcanic 
looks  in  their  present  form  have  not  been  subjected  to  the  forces 
that  bent  and  twisted  the  Witteberg  and  Dwyka  series  to  the  north, 
for  they  show  none  of  the  incipient  oleaTSge  that  characterises  the 
latter  loeks  in  the  Zunrberg  range.  There  xemsins  no  other  view 
than  that  assumed  early  in  this  paper,  that  the  irbteanio  rooks 
reached  their  present  position  by  eruption  along  the  line  of  ^ult 
between  the  TJitenhage  beds  and  tiie  Znurberg. 

The  question  as  to  whether  the  eraptbn  accompanied  the  fakulting, 
or  followed  it,  is  not  an  easy  one  to  settle,  but  from  the  presence  of 
rather  broad  bands  of  shattered  rock  both  on  the  boundary  of  tha 
ToleaDio  fissuro  on  Duncahrn,  and  their  preeenoe  further  east  where 
the  &ult  alone  is  obserrable  without  the  voleanic  rocks,  I  am  inclined 
to  believe  that  the  eruption  accompanied  the  faulting.  The  similarity 
of  the  breccia  seen  near  the  Waggwa  road  to  thoee  of  Uniondale  and 
WiUowmoro,  and  the  occurrence  of  thequartsite  breoeia  at  Duncaim 
in  oonneotion  with  the  volcanio  rock,  lead  to  the  suspicion  that  the 
breodation  of  the  rociks  along  the  faults  is  due  to  some  sort  of  explo> 
sive  action,  and  that  the  breccias  diiSsr  in  this  respect  from  the  usual 
type  of  broken  rock  which  is  dereloped  on  a  comparafciTely  small  scale 
slong  many  faults. 

Hitherto  volcanic  rocks  have  not  been  found  to  accompany  f aulta 
in  this  Colony.  The  only  possible  exception  yet  described  is  the 
pipe  of  melilite-basalt  on  Spiegel  Biver,  which  is  situated  very  near 
tiie  northern  boundary  of  the  Heidelberg  outlier,  and  this  boundary 
is  probably  a  fault.  The  distribution  of  the  scattered  pipes  of  the 
Kimberiey  and  Saltpetre  Kop  type  has  not  been  connected  with  any 
structural  lines  of  the  country,  nor  have  the  Stormbeig  volcanic- 
necks  any  definite  arrangement,*  though  their  south-eastern  limit  in 
*  Dn  Tdt,  '*  Ann.  Bep.  Oed.  Oom.  for  1901,"  map. 
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Mfttatielft  nuis  mm  or  less  pmllel  intii  the  PondolMid  eoMt  wad 
the  poBt-oreteoeoas  faults  on  that  ooast. 

In  Beet  Afriea  the  recent  voloenio  rooks  are  oonneoted  witti  the 
«bwnthiown  areas  oalled  tbeBift  Valleys,  but  they  present  no  pvseise 
parallel  with  the  Zooibeig  Toloanie  bell 

There  ean  he  no  doubt  that  the  eruptkms  along  the  Znarberglralt 
took  plaoe  after  the  depositUm  of  the  Uitenhage  beds,  whieh  are  ol 
Lower  Gretaoeous  age,  but  the  only  later  limit  whieh  oan  At  prssent 
be  set  to  the  event  is  laid  down  by  the  iaot  that  the  tops  of  the  yol- 
eanie  ridges  axe  out  down  to  a  snrfaoe  idiioh  was  ones  oontinuoos 
with  the  Znurberg  slope ;  and  these  tops  axe  still  sapped  in  plaees 
by  gravel  similar  to  that  on  the  main  slope,  from  whioh  they  are  now 
separated  by  valleys  several  hundred  feet  deep.  No  teaoe  of  lava 
flows  or  beds  of  ash  ejected  from  the  fissure  has  been  found  on 
Zuurberg  or  the  eonntry  to  the  south.  If  suoh  materials  were  ever 
thrown  out  they  have  long  shiee  been  swept  away.  Althou^  there 
is  no  direot  evidenoe  of  sur^MM  outflows,  the  hi^y  vesioular 
character  of  the  lava  shows  that  there  must  have  been  open  aooess 
io  the  air,  otherwise  the  water  vapour  eould  not  have  expanded  so 
freely.  The  total  absenoe  of  xeoognlsable  leva  fragments  in  the 
breooias  and  the  relationship  of  the  tnib  and  l«va  show  tiiat  the 
violent  explosions  whioh  produoed  these  breooias  were  suoeeeded  by 
the  more  gentle  rise  of  the  lava.  The  explosions  ooourred  not  only 
at  the  well-defined  enlsigements  of  the  fissure  but  at  so  many  other 
plaosSt  as  shown  by  the  presence  of  breooia  and  toff  at  intervals 
throughout,  that  we  may  regard  the  whole  line  as  having  onoe  been 
ibeir  site,  but  the  direct  evidenee  of  this  is  now  laoking  owing  to 
the  rise  of  the  lava  and  its  replacement  of  the  fragmental  rock. 

As  to  the  origin  of  the  material  forming  the  tufib  and  breccias 
little  can  yet  be  said,  but  quartzites  like  those  of  the  Witteberg 
series  are  the  most  abundant  recognisable  rooks  in  them. 
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ON  THB  SOUTH  AFRICAN  DINOSAUB  (HOBTALOTASSUS). 
Bt  B.  Bboom»  M.D.,  D.So.,  C.M.Z.S. 
(Bead  June  98, 1905.) 
Plate  IIL 

The  genus  TJortalotarsm  was  founded  l)y  Seeley  *  in  1894  on  the 
remains  of  a  sinall  Dinosmir  disoovoN  d  ;it  Barkly  East,  Cape 
Colony.  Though  most  of  the  skeleton  was  apparently  in  the  rock 
when  the  fossil  was  first  discovered,  it  was  destroyed  hy  a  charge 
of  gunpowder,  and  all  that  now  remains  is  the  portion  of  the  right 
limb  descrihed  by  Seeley.  A  very  good  description  is  given  of  the 
remains,  but  the  figures  are  not  vei  v  L'ood.  In  Fig.  2  the  fibula  is 
represented  as  a  very  slender  rod  except  at  its  lower  end,  and  one 
would  i)e  led  to  believe  by  the  manner  of  shading  that  both  the  iibula 
and  the  tibia  are  completely  exposed.  In  reality  much  of  the 
liijula  and  a  fair  proportion  of  the  tibia  are  hidden  by  matrix.  The 
tibiale  and  fibularc  are  much  tot)  small.  Pig.  3  is  rather  inaccurately 
drawn.  In  tbe  plate  accompanying  this  paper  I  have  given  a 
slightly  restored  view  of  the  tibia  as  seen  from  the  inner  side  with 
the  tibiale  in  position  (Pig.  5).  A  restored  outline  of  tbe  proximal 
end  of  the  tibia  shows  that  it  agrees  closely  with  the  tibia  of 
Massospondylus  as  figured  by  Seeley.  Fig.  7  shows  the  posteiior 
aspect  of  the  lower  end  of  the  til)ia  and  fibula  with  the  tibiale  and 
fibulare,  and  Fig.  8  the  lower  aspect  of  tbe  same  bf)nes.  Though 
the  tibiale  and  fibulare  are  not  anchylosed  to  the  tibia  and  fibula 
they  fit  closely  to  them,  and  there  has  prtjbubly  been  very  little,  if 
any,  movement  l)ctween  them.  The  small  bone  which  Seeley 
regards  as  the  intermediuin  is  quite  rudimentary,  but  is  probably 
rightly  regarded  as  the  intermedium.  The  fourth  toe  is  fairly 
complete,  aiul  shows  very  well  the  structure  of  the  proximal 
piidtaiiges.  The  tirst  piialanx  has  the  proximal  surface  slightly 
concave  for  the  head  of  the  metatarsal,  and  no  doubt  had  some 

•  H.  G.  Seeley,  *•  On  HortalotanH*  gkirtopodug,  a  new  Sam  isrhian  FoHnilfrom 
Baiklj  Eaiki  Gife  Goloay."  Ann.  Mag.  Nat.  HiRi.  14. 1894,  p.  411-419. 
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degree  of  lateral  moTement.  The  more  distal  phalanges  have  nddk 
artioulaiions. 

The  following  are  some  of  the  principal  measuremente 

Length  of  tibia    199  DUD. 

Antero  posterior  measurement  of  proximal  end 

of  tibia   56 

Width  of  distal  end  of  tibia  .•   39 

Length  of  3rd  metatarsal   100 

„      4th        ,   87 

„      1st  phalanx  of  4th  toe   98 


tt       2nd      „  „   

3rd       „    18 

„      5th  metatarsal   49 

There  has  reoenfly  been  prosented  lo  the  South  Afriean  Museum, 
Capetown,  by  Mr.  Alex.  Moir,  a  block  of  sandstone  from  LadyfaoHiid, 
O  JLO.,  containing  the  remains  of  a  considerable  part  of  tiie  skeletoo 
of  an  immature  BorUUotarnts,  The  bones  to  a  large  extent  have 
been  dissolved  out  leaving  casts,  or  where  preserved  they  are  in 
most  oases  too  friable  to  be  satisfactorily  developed.  The  booes  an 
at  the  ends  imperfectly  ossified,  the  animal  being  evidently  not  qsite 
mature.  When  allowance  is  made  for  this,  however,  the  agreenaent 
of  the  bones  with  those  of  Hortdlotarsut  shirtopodut  is  so  dose  as  to 
leave  no  doubt  that  this  specimen  belongs  to  the  same  genus,  and 
very  little  doubt  that  it  is  the  same  species.  The  following  parta  ol 
the  akeleton  have  been  diaplayed :  Eleven  dorsal  and  six  caudal 
vertebrse,  a  few  ribs  and  some  abdominal  ribs,  part  of  the  right 
sc^uIa,  both  ilia,  the  right  being  fairly  well  preserved,  the  right 
pnbis  and  ischiom,  the  right  femur  and  fibula»  the  tarsos,  and  the 
perfect  right  pes. 

The  dorsal  vertebrtc  are  only  represented  by  inqserfect  casts,  and 
those  preserved  are  fairly  similar.  The  best  preserved  is  the  4tb 
last.  It  is  a  little  longer  than  high.  Tlie  centrum  is  33*5  mm.  in 
length,  and  considerably  broader  than  high.  When  viewed  from  the 
side  the  lower  border  is  seen  to  bo  moderately  concave.  The  unch 
is  not  yet  quite  anchylosed  to  the  body.  The  apine  is  oomparati?ely 
low  and  rather  long  antero-posteriorly.  The  zygapophyses  are  long, 
and  appear  to  have  been  largely  articulattHl  with  one  another.  From 
the  anterior  to  the  posterior  zvgapophyais  the  vertebra  measures 
48  mm.  There  are  indioations  of  a  transverse  process  in  the  positioii 
shown  in  the  1^ 

The  caudal  vertebrse  are  much  shorter  and  a  little  higher  than  the 
dorsals.   Well-developed  chevrons  are  foond  attached. 
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Only  a  few  portions  of  true  ribs  are  seen,  but  there  are  a  number 
of  fairly  well-preserved  abdominal  ribs.  It  seems  probable  that  the 
plastron  has  oonsisted  of  a  maduui  seriM  with  an  oater  Sdries  on 
either  side. 

The  right  ilium  is  perfect  except  a  p<nrtioD  of  the  orest.  In 
contour  it  agrees  pretty  closely  witli  the  ilium  of  Palaosaurtu. 
There  are  well-developed  pubic  and  ischiac  prooeises,  but  they  have 
not  been  fully  displayed  owing  to  the  nature  of  the  specimen.  The 
crest  as  preserved  measures  130  mm.  This,  however,  is  probably 
the  full  length.  The  anterior  border  of  the  ilium  is  more  open  than 
in  AnrJn'sainiis.  The  contour  of  the  posterior  border  alao  differs  a 
little  from  that  ol  Anchisai'rus. 

The  pubis  and  ischium  of  the  right  side  are  fairly  wrll  preserved, 
but  considerably  crushed  and  soinowhat  displaced.  They  are 
figured  in  their  relative  positions  to  each  other  as  found,  but  not 
exactly  in  their  relative  positions  to  the  ilium. 

The  pubis  approaches  rather  more  nearly  the  Zanclodont  type 
than  the  type  of  A7ichl.saurm.  The  distal  extremity  is  moderately 
thick  but  evidently  flattened.  The  proximal  end  has  an  inferior 
notch  as  in  Znnclodon  and  Massospoudi/his,  but  the  bone  is  less 
expanded  below  the  notch  than  in  these  genera. 

The  ischium  is  a  moderately  stout  bone,  probably  not  unlike  that 
of  Massospcnuhjlus,  but  it  is  too  much  crushed  to  enable  one  to  make 
a  careful  comparison. 

The  femur  is  fairly  well  preserved  and  its  anterior  surface  bus 
been  displayed.  The  upper  and  lower  ends  are  imperfectly  ossified, 
but  the  lx)ne  seems  to  have  resembled  fairly  closely  the  femur  of 
Anchisaurus.  The  lateral  trochanter  is  situated  above  the  point 
of  union  of  the  upper  and  middle  thirds  of  the  bone  ;  in  this 
resembling  Aiichisaunis  but  differing  from  Mcissosjmn'b/Ius  or 
Zanclodon.    The  proximal  trochanter  is  very  slightly  developed. 

The  fibula,  is  compai*atively  slender,  but  stouter  proiLimaily  than 
distally. 

The  tibia  has  not  been  displayed  as  the  foot  is  folded  on  it. 

The  foot  is  strikingly  like  that  of  Anchimiirus.  The  bones  are 
very  badly  preserved,  but  the  casts  show  pretty  satisfactorily  most 
of  the  details. 

The  tarsus  consists  of  two  proximal  elements — the  tibiale  and 
fibulare.  The  intermedium  was  probably  not  fully  ossified  in  this 
immature  specimen.  The  distal  row  of  the  tarsus  is  represented  by 
two  bones,  apparently  tarsalia  3  and  1. 

The  metatarsals,  though  rather  more  slender,  are  essentially 
similar  to  those  of  Anchimin  ua.    rroximally  they  overlap  in  like 
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Cashion.  Distally  the  ends  axe  less  expanded,  and  the  middle  iiMli' 
taisal  is  relatively  a  little  longer  than  in  Anehitaminu, 

The  digits  are  proportioned  almost  exactly  as  in  the  Amnrinin 
genus.  The  nngoel  phalanx  is  more  developed  in  Hcrkiloiamtt 
bat  in  nearly  every  other  lespeot  the  reeemblanoe  is  so  dose  tfaaft 
had  the  foot  alone  been  discovered  it  would  have  been  imposofale  to 
have  distingaished  the  specimens  generically. 

The  following  are  some  of  the  principal  measuements  :— 


Length  of  ilium   about  180  mm. 

„      femur    900 

Breadth  of  femur  at  lower  end    48 

Length  of  fibok   180 

,»      Ist  metatarsal  about  66 

„      1st  phalanx  of  1st  digit    38 

2nd      „          „    86 

2nd  metatarsal   about  80 

»,      1st  phalanx  of  2nd  digit   82 

„      2nd      „           „    18 

>•      8rd      H           „    88 

8rd  metatarsal   about  90 

„      1st  phalanx  of  8rd  digit   80 

M      2nd      „    18 

M      3rd      „          ,   16 

4th      „    80 

„       4th  metatarsal   about  82 

„      1st  phalanx  of  4th  digit   26 

2nd      „   16 

>f      8rd                  „    14 

n      4th      „            „    14 

f>      5th      „           f  about  21 

„      6th  metatarsal   45 


The  vertebmand  most  of  the  bones  of  the  skeleton  are  hollow  as 
in  Anchisaurus,  and  the  agreement  otherwise  is  so  close  that  there 
seems  little  dou))t  tlmt  HortaloUtrnu  must  be  placed  in  thefauuiiy 
AnchisauridiB  oi  Marsh, 
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1.  Bight  Ufaim,  pabis,  laA  Itehiam  of  Hmtalottwau  »kUr*ppoduit  x  *8L 

5.  Bight  femur  of  H»  sUrtopodu*  (ulterior  view),  x  '87. 

8.  Bight  hind  foot  of  IT.  ^lirtnj)(uUi$  (under  viow),  x  -33. 

4.  Lower  dorsal  vertebra  (probably  4th  last)  of  //.  xkirtopgduMt  x  '9. 

6.  Right  tibia  and  tibialc  of  //.  nhirtopMhiit  (type),  x  3. 

6.  I'roxinia!  end  of  rij^ht  tibia  of      nkirtopodnK  (type),  x  'Mi. 

7.  Tibiale  and  fibularc  with  lower  ends  ol  tibia  and  fibula  (posterior),  x  -:i3 

8.  „  „  „  „  „         (inferior),  x  "33 

9.  Isi,  2nd,  and  8rd  phalanges  of  the  type  specimen  (inferior),  x  -65. 
10.     tt  It  n  (side),  X  *M. 
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NOTES  ON  SOME  RECENTLY  REDISCOVERED  IN- 
SCRIBED  STONES  BEARD^G  ON  THE  HISTORY 
OF  THE  CAPE  COLONY. 

By  W.  li.  ScLATBu,  Director  of  tiui  Souih  African  Museum,'^ 

(Read  June  28, 1906.) 

I.-— J.  TAN  PLVFTHNBBBa'8  BOUMDABT  StOIIB. 

In  Ihe  yMur  1778,  in  oonseqnenoe  of  oomplamto  from  hmijbm 
living  on  tiie  eaelem  frontier  of  the  Colony,  tite  Qoremor,  Joadiim 
▼an  FleMenberg,  zesolvBd  to  make  a  Tint  k>  the  bonUdands  of  the 
Colony  and  inveetigwte  the  condition  of  affain  there.  Leaving  Cape 
Town  on  September  3, 1778,  he  traveUed  to  Graaff  Beinet  witii  Ox* 
•  waggons  and  saddle-horses.  Thence,  crossing  the  Sneenwbeig  to 
the  north,  he  desoended  the  valley  of  the  Zeekoe  Biver  to  a  pdnt 
about  18  miles  dae  weet  of  the  present  village  of  Colesbarg.  Here 
on  October  4th,  some  200  yards  from  the  bank  of  the  etroam,  he 
erected  a  "  baaken,"  or  boundary  beacon,  to  mark  the  extreme  north- 
eastern boundary  of  the  Colony. 

A  month  later,  on  November  6th,  the  Governor  arrived  at  the  bay 
where  the  Kenrboom  Biver  falls  into  the  sea,  now  known  as  Pletten- 
berg's  Bay.  Here  a  stone  pillar  prepared  in  Qape  Town,  having 
the  arms  of  the  United  Provinces,  the  monogram  of  the  Dutch  East 
India  Company,  the  arms  of  the  Governor,  and  a  suitable  inscription, 
which  had  been  conveyed  to  its  destination  on  the  waggon  of  Jaoob 
Joubert,  was  placed  in  position,  and  here  it  has  remained  ever  since. 
It  has  recently  been  enclosed  by  a  stone  wall  in  order  to  preserve  it, 
and  will  be  found  figured  in  Hoodie's  "  History  of  the  Battles  and 
Adventures  of  tiie  British,  Boers,  and  Znlos,"  vol.  i.,  p.  62*  published 
in  1888. 

The  above  faets  will  be  found  in  the  new  edition  of  Mr.  Theal^s 
"  History,"  voL  ii.,  pp.  149-154,  while  a  complete  transcription  of  a 
diary  of  the  jonmal  of  Plettenberg's  journey  in  the  original  Dutch, 
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presented  in  the  Colonial  Archives,  has  \yeen  recently  published 
by  the  same  author  in  a  "  Collection  of  Important  Historical 
Documents."  * 

Barrow  ("Travels  in  the  Interior  of  South  Africa,"  i.,  p.  255,  LsOH) 
visited  tlic  north-eustern  portion  of  the  Colony  in  October,  1797.  fie 
states  that  Plettenber^r's  beacon  was  then  already  thrown  over  and 
broken  up  by  the  Pmshnion. 

The  next  reference  I  have  met  witli  in  regard  to  the  i)eacon  is  a 
letter  addressed  by  a  Mr.  C.  J.  Kemper  to  tlie  (h ahamstoicn  Journal 
in  1843.  I  have  not  been  able  to  see  tlie  original,  but  the  following 
is  a  copy  kindly  obtained  for  me  by  Mr.  Murray,  the  donor  of  the 
stone  to  the  Museum,  who  oijtained  it  from  Mr.  L.  Kemper,  son  of 
the  original  writer.    The  foUowiug  is  a  tiauscription  of  the  letter : — 

*«OOLOItIAL  B&A00N8. 

-^'LnnMnoi,  StpUmbtr  U,  1814. 
"Toihe  JSdiior,  Sb,— Seeing  in  your  esteemed  Jomnal  a  akeioli 
of  a  land  beaooiii  suppoBed  by  Mr.  Junee  Howell  to  be  that  of 
Governor  van  Plettenberg,  I  am  indnoed  to  Band  you  a  eketoh  bom 
a  drawing  of  one  wbioh  I  took  on  a  jonmey  in  the  year  1890  on  the 
other  side  of  the  Zeekoe  Biver,  not  ht  from  the  plaoe  of  the  lield 
Commandant  Tjaid  van  der  Walt 


This  worthy  old  gentleman  informed  me  there  was  a  stone  on  the 
flat  a  short  distance  from  his  residence  oalled  '*  Plettenberg's 
Baaken,"  and  that  it  had  engraved  upon  it  some  fignres  and  his 
name.  Feehng  much  interest  in  this  statement,  I  requested  the 
Commandant  to  show  me  this  stone,  which  he  did,  and  I  then  took* 
in  his  prBsenoe>  a  sketch  of  it  and  the  smsoonding  hills. 

*  **^elangrijk8  Hittoriseho  DoknmaDteo  wnuMld  in  dm  Kiaf  ItMi  m 
ddm  door/*  QMnge  MoCUl  HmO,  LL.O.,  No.  L,  Km^M,  1898. 
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'*  I  think  this  must  be  the  beacon  erected  by  Goveraor  van 
Plettenberg.  The  armonial  escutcheon  is  that  of  his  family,  and 
coiTesponds  to  the  period  indicated  by  the  figures,  Joachim  van 
Plettenberg  being  Governor  of  the  Colony  in  the  year  1778. 

"  I  remain,  &c., 
(Signed)    "  C.  J.  Kemper. 
*'  N.B. — There  must  be  an  error  given  in  Mr.  Howell's  communi- 
cation in  the  figures  98,  as  in  1798  Sir  Francis  Dundas  was  Lieut.- 
Governor." 

About  fifteen  years  ago  Mr.  Murray,  a  surveyor  who,  with  his 
brother,  occupied  the  farm  Quaggasfontein  in  the  Colesberg  district, 
made  a  careful  search  for  the  beacon,  which  had  apparently  dis- 
appeared. After  some  days  he  succeeded  in  finding  part  of  the 
stone  with  a  coat  of  arms  on  it,  and  finally  collected  several  other 
fragments,  though  even  now  it  is  by  no  means  complete.   Mr.  Murray 
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belitives  that  the  stone  had  been  thiowii  tlown  ami  broken  many 
years  a<^o,  probal)ly  l)y  a  native  shrj)ii<  rd,  as  pieces  of  it  were  black 
and  }iad  evidently  been  heated  iu  a  lire  to  roftst  meat  on,  as  is  the 
custom  with  Hottentots. 

The  pieces  of  the  stone  were  brought  to  the  homestead,  and  have 
remained  there  ever  since  until  a  few  weeks  ago,  when  they  were 
most  generousis  }ji « r,L'nied  to  the  South  Alrican  Museum  by  Messrs. 
Murray  Brothers,  of  Quaf^gasfontein. 

The  stone  shows  the  coat  of  arms,  which  is  a  very  simpla  OOA.  I 
have  not  been  able  as  yet  to  trace  the  arms  of  van  Plettenberg,  bat 
I  have  no  doubt  that  the  shield  is  his ;  the  second  half  of  the  date  78 
is  plainly  shown,  and  also  a  portion  of  the  name  of  the  Grovenior. 

II.~Pobt-Offiob  Stonb  qi  thb  Cabtlb  Waia. 

My  ftttention  has  recently  been  drawn  to  an  inscribed  stone  bnilt 
up  in  the  outer  wall  of  the  Castle.  It  is  about  10  feet  above  the 
level  of  the  grassy  glacis  on  the  bastion,  facing  due  west  to 
the  rightobaad  aide  of  the  main  gateway.  The  stotie  is  so  placed 
that  the  principal  inscription  is  upside  down,  so  that  it  was  evidently 
merely  used  to  assist  in  forming  the  wall  of  the  Castle,  and  not  with 
a  view  to  the  preservation  of  the  inscription. 

There  can  be  Uttle  doubt  that  the  stone  has  been  in  this  position 
since  the  original  building  of  the  Castle,  whioh  was  begun  in  i6t)6 
and  finished  in  1679. 

My  attention  was  first  drawn  to  the  existence  of  the  stone  by 
Major  H.  Sutton,  of  the  Grenadier  Guards,  who  has  lately  been 
occupying  a  position  on  the  stall"  in  Cape  Town  ;  and  I  am  indebted 
to  Mr.  H.  Amon,  of  the  Army  Pay  Department,  for  the  xcvy 
clear  and  excellent  photograph  of  the  stone  here  reproduced.  The 
inaoriptions  i^pear  to  me  as  follows : — 

JOHN  •  ROBERTS. 

COMMAVNDER  •  OF 

THE  .  LESSER  •  JAMES. 

AB :  Y«  .        DECEM  :  DE  :  Y"^ 

26:  1622  ^  LOVK  •  WITH  -  THIS 

LINE  .  FOR  LBTBfiBS 

HENB  MANC. 
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The  second  inscription  seems  to  me  : — 

JAMES  .  BVKGES  .  M«  OF  •  THE 
ABIGAIL  +  AR  :  Y'  [17] 
DEPAR  +  Y  26 
OF  DECEMBAR 
1622 


Through  the  kindness  of  Mr.  William  Poster,  of  the  India 
Office  in  London,  I  have  been  able  to  learn  a  few  particulars  about 
the  voyages  of  these  two  ships. 

He  writes  :  The  Lesser  Jaims  (450  tons),  commanded  by  John 
Roberts,  left  Batavia  homeward  bound  in  the  last  days  of  August, 
1622.  In  his  commission,  which  is  still  preserved  at  the  India 
Office,  London  (O.C.  1074),  Roberts  was  directed,  amongst  other 
things,  to  look  for  letters  at  Table  Bay. 

"  'When  you  arive  in  the  Bay  of  Saldania,  you  shall  make 
search  for  letters ;  and  in  like  manner,  at  your  departure  thence, 
leave  behinde  you  in  writinge  fitt  remembrances  of  all  matters 
needfull.' " 

No  further  account  of  this  voyage  has  been  found,  but  the  ship 
reached  England  in  the  middle  of  June,  1623. 
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The  Abiijail  was  a  new  ship,  which  sailed  from  England  for 
Batavia  in  1622.  The  journal  of  the  Master,  James  Burgess,  is  still 
presei-ved  in  the  India  Othce  (Records  :  O.C.  1060).  In  it  occurs 
the  following  entry  :  "  1622,  17  Dec.  Arvd  at  Saldania.  Ther  I 
nu'tc  the  TAttcll  Janws  and  to  Hollandars  bounde  home."  One  of 
these  Dutch  ships  was  probably  the  Leeiuoin,  which  left  Batavia  in 
company  with  the  Lesser  Jamrs. 

There  are  traces  of  a  third  inscription  at  right  angles  to  that  of 
the  Lesser  James,  but  I  have  not  yet  been  able  to  decipher  anything 
wiiich  can  give  a  clue  to  its  history. 
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NOTBS  ON  ALOE  SUCCOTBINA,  Urn. 

By  B.  MabiiOTH,  Ph.D. 

(Bead  June  28,  1905.) 

On  a  pmioiis  oeeamon  I  drew  attention  to  the  laot  that  the  real 
hftbitat  of  meet  Sonth  Afrioan  snooolents  is  not  known  or  recorded, 
they  having  been  introdneed  into  Bnzopean  gardens  one  or  two 
hnndxed  years  ago,  and  figured  and  deseribed  from  cnltiyated 
plants. 

One  of  the  most  striking  examples  of  this  kind  is  the  species  of 
Aloe  oalled  Aloe  meootrina,  becaose  it  was  thought  at  the  tune  that 
this  plant  fomished  the  drag  which  came  from  the  island  of  Soootra. 
Thai  enor  has  been  rectified  since,  for  the  plant  ^Hiich  bears  the 
name  does  not  occur  at  Socotra,  quite  another  one  supplying 
the  drug. 

It  was  tiien  surmised  that  the  plant  to  which  this  name  had 
been  given  by  mistake,  and  which  is  still  being  cultivated  at  home 
tmder  this  name,  might  have  come  from  Sonth  Africa,  but  as  no 
botanist  had  ever  recorded  it  from  here,  its  origin  remained  a 
pusde. 

Some  thirty  years  ago  Dr.  Bolus  collected  a  phmt  in  the  Bastem 
Province,  which  Mr.  Baker  at  Sew  took  at  first  to  be  the  real 
A,  gueeoirina,  Lam.,  as  figured  by  Gommelinus*  in  1697.  Later 
on  he  recognised  it  to  be  ii.  pkindem.  Haw.  (Flor.  Giqp.,  vol  vL, 
p.  82S);  henoe  the  true  A,  suceotrina  remained  as  unlaiown  as 
before. 

Unfortunately  the  matter  has  been  complicated  a  Httle  more  in 
Dr.  Sdhdnland's  paper  refened  to  above.  The  author,  not  knowing 
the  real  A.  tucootrma,  came  to  the  conclusion  that  both  names 

•  I  am  takiag  «Imm  stelMMntt  from  Dr.  Sfthflnkaid^  psptr  "On  Mine  8<mlh 
African  Species  of  Aloe,"  yoUlilMd  in  the  Seeoids  of  the  AXhaay  Mmeon,  vol.  i., 
p.  292, 190S. 
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xefaned  to  the  flame  plant,  and  he  ghres  consequently  the  latter 
name  as  a  synonym  of  the  former.  That  la  a  mistake,  for  Baker's 
Identifioation  of  Bolus's  plant  as  A,  pharuhiu  is  correct,  and 
A,  iueeotrma  is  quite  different  from  it,  as  the  fresh  specimens  and 
photographs  of  both  spedes  whieh  I  am  eihihithig  here  will  show. 
The  foliage  is  quite  diiferent,  for  the  leaves  of  A.  $ueeotHna  aie  met 
with  a  slight  backward  eurve  at  tiie  end  only,  while  thoee  ai 
A,  plwrtdem  axe  quite  reenrved,  almost  hanging  down.  ISierB  ara 
other  points  of  diffinenee  of  ooorse,  bat  they  axe  not  so  easily 
notioed. 

The  specimens  of  A.  pkarukm  same  from  Zwartkops,  near  Port 
Blisabeth,  and  those  of  A»  tueeoirina  from  the  slopes  of  Table 
Konntaln.  It  is  rather  snxprising  to  ind  that  the  home  of  a  plant 
of  sooh  conspicoons  sise  and  snoh  special  interest  should  haye 
mnained  unknown  for  two  oenturies,  although  it  grows  in  prolusion 
a  few  miles  outside  of  Cape  Town.  So  far  one  spot  only  is  known  lo 
me,  whieh,  however,  is  well  hidden.  It  is  situated  about  1,900  feet 
above  Newlands,  on  an  immense  field  of  boulders  which  must  have 
been  formed  by  the  falling  of  an  enormous  eliff  from  the  mountain 
abofe.  There  are  hundreds,  nay  thousands,  of  boulders  of  all  sises, 
some  as  Ug  as  a  house,  with  abysses  between  them  that  seem  to  lead 
into  the  interior  of  the  earth.  Where  the  spaoes  between  the  boulders 
have  beeome  filled  with  dibns  and  leaf-mould,  trees  have  suoeeeded 
in  establishing  themselves  and  are  at  present  overshadowing  some 
large  groups  of  Aloes.  These  are  doomed,  for  the  trees  must  win  in 
this  struggle  for  ezistenoe.  But  where  the  boulders  are  freely 
fliposed  to  air  and  lig^t,  where  the  aloes  have  been  aUe  to  find  a 
little  Boil  in  a  oraok  or  on  a  ledge,  lihey  have  taken  full  posssssbn  of 
the  place. 

That  no  botanist  or  collector  of  the  last  century  should  have 
come  across  the  plant  is  evidently  due  to  the  dilBculty  of  aooeea 
to  the  locality,  for  it  is  out  of  the  track  of  the  ordinary  ramblar. 
Only  mountaineers  who  want  to  try  the  Window  Gorge  would 
pass  it. 

But  it  is  a  spot  well  worth  visiting.  The  boulders  alone  are  a 
sight,  piled  tqp  and  spread  out  over  a  field  several  acres  in  extant. 
Some  portions  are  overgrown  with  bushes  and  trees,  and  their  rotten 
trunks  fonn  dangerous  bridges  over  some  of  the  yawning  spaoes, 
but  others  are  occupied  by  hundreds  of  these  Aloes,  adomed  at  tiiis 
time  of  the  year  with  tall  spikes  of  red  flowers. 

In  eoochision  I  may  add  that  the  only  speoies  of  Aloe  hitherto 
known  from  the  Oape  Peninsula,  vis.,  A,  graciUa,  grows  also  at  one 
spot  only,  which  is  not  far  from  the  statkm  GlencaimontheSunona- 
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to^wn  line.  I  look  upon  them  as  relics  from  a  period  of  greater 
dryness  than  the  present.  • 

P.S. — A  few  days  after  the  reading?  of  the  above  notes,  Mr.  E. 
Dyke  found  a  variety  of  Aloe  succotrina  among  the  rocks  ol  (he 
80-called  Little  Lionshead  near  Houtbay. 

This  locality  is  as  much  out  of  the  way  as  the  otber  one,  for  few 
people  only  will  venture  into  the  very  rougli  ground  and  the  ftHff« 
which  skirt  the  Ijiltle  Lionshead  on  the  seaward  side. 

It  is  also  probable  that  a  plant  growing  on  rocks  near  the  mouth 
of  the  Kleyn  Hiver  is  this  species  or  its  nearest  ally  A.  pu/rpuraac&u, 
Haw. 
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THB  GLIlfATB  OF  BA8T  LONDON,  OAFB  OOLONT. 
By  J.      Sutton,  M.A.,  F.B.Met.S. 
(BMd  October  36, 1905.) 

This  pftper  is  a  brief  summary'  and  discussion  of  the  meteorological 
obeemftions  made  at  the  West  Bank,  East  London,  during  the 
21  years  1884-1904,  under  the  direction  of  the  Harbour  Board. 
My  object  in  undertaking  the  work  is  chiefly  to  ampHfy  the  results 
obtained  in  some  of  my  previous  papers  dealing  with  the  meteorology 
of  the  table-land  of  South  Africa. 

Speaking  general]^,  the  material  made  use  of  here  is  not  of  the 
best — not  nearly  so  ^ood  as  that  available  for  Kimberley  (G.  J.  Lee), 
or  for  Durban,  The  observing  boor  seems  to  have  been  altered 
once  or  twice  to  one  side  or  the  other  of  8  a.iii.,  and  also  the  manner 
of  taking  the  readings.  The  observers  have  varied  much  in  ability; 
tad  there  is,  unfortunately,  considerable  evidence  that  tome  of  them 
regarded  the  work  of  reading  the  instruments  as  irksome,  and  did  it 
in  the  most  perfunctory  manner.  In  computing  the  averages  I  have 
not  hesitated  to  rejeot  all  the  readings  which  show  signs  of  negli- 
gence. Whole  months,  occasionally,  defy  explanation,  and  these 
have  been  rejeoted  altogether.  For  instance,  ten  consecutive  days 
are  given  below  as  a  specimen  of  how  meteorological  observations 
ought  not  to  be  taken.  It  is  an  extract  from  one  of  the  rejected 
months,  giving  the  dry  and  wet  bulbs  at  the  hour  of  observation,  the 
reading  of  the  maximum  and  minimum  air  temperatures  for  the 
preceding  24  honrs,  and  the  readings  of  the  maximum  and  minimum 
thermometers  when  reset  at  the  hour  of  observation.  The  dates  are 
poxposely  omitted : — 
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No  infonnatUm  is  givea  in  ibe  Begiateir  ooooeming  the  poritioii  or 
mounting  ci  the  instmmentB,  or  as  to  what  oonaotions  are  nooeasaiy 
for  indez-oiror;  and,  indeed,  it  is  not  likely  that  siioh  ooneetioDs 
would  make  any  material  improvement.  For  these  reasons  it  is 
safer  to  consider  the  mean  valnes  given  below  as  approximakety 
comparable  inter  se,  rather  than  as  directly  oomparable  with  okhor 
registers.  The  following  notes  from  the  Inspection  Beports  of  the 
Gape  Meteorological  Commission  contain  nearly  all  my  informatioo 
about  the  instruments : — 

1888. — SVvrtin's  Oistem  Barometer,  set  of  Thermometers,  end  s 
Bain  Gauge,  all  in  good  order. 

1884. — ^Tbe  Oistem  Barometer  at  this  station  being  found  isnltj, 
it  was  eichanged  for  the  one  belonging  to  the  Port  OiBee 
until  a  new  one  could  be  supplied.  All  the  Thermometen 
and  the  Bain  Gauge  were  in  good  order. 

1886. — The  instruments  here  were  in  good  order. 

1888. — ^The  instruments  at  this  station  were  all  in  good  <ndsr. 
The  exposure  of  the  thermometer,  however,  in  the  Stevenson 
Boreen  was  not  good ;  it  was  too  dose  to  the  ground,  and  in 
too  confined  a  spot.  I  arranged  for  its  removal  to  a  more 
suitable  place. 

1881.— The  instruments  at  East  London  are  in  and  about  the 
office  of  the  Port  CSaptain  on  the  west  or  right  bank  [of 
the  BuffiJo  Biver].  ...  I  found  the  whole  in  good 
order  and  well  kept,  and  the  reoords  neatly  made  up  to 
date. 

There  is  also  a  note  in  the  Report  for  1B96  to  the  efEsct  that  the 

index  error  of  the  Barometer  =  -|-  -012  inch. 

In  addition  to  this,  Mr.  S.  R.  Pockley,  the  Secretary  to  the 
Harhoiir  Board,  informs  me  that  "  the  distance  of  the  thermometer 
screen  from  both  sea  and  river  is  abont  150  feet,  and  Hl)out  45  feet 
above  mean  sea-level.  There  has  been  no  matci  iul  alteration  in  the 
position  of  the  instruments  during  the  period  January  1,  1664,  to 
present  date." 

With  regard  to  the  dates,  it  should  he  remembered  that  the  values 
of  maximum  and  minimum  temperature  and  rainfall  are  for  the 
24  hours  ending  8  a.m.  of  the  date  of  entry,  the  first  and  third 
not  having  been  credited,  as  is  usual  in  England,  to  the  previous 
day. 

The  approximate  monthly  mean  and  exireme  barometric  pressures 
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redneed  to  a  temperature  of  32°  are  given  In  the  foUowing  Table, 
togettier  with  the  UM  zaoge  obflenrad  in  31  y6«r8:~ 
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The  annual  variation  of  pressure  is  of  the  same  order  as  that 
obtaining  at  Durban  and  Kimberley,  namely,  greatest  in  July  and 
least  in  January.  It  would  appear,  however,  from  the  general  run 
of  these  monthly  means  that  the  turning-points  of  the  smoothed 
ourve  of  pressure  are  a  day  or  two  later  at  East  London  than  they 
are  at  Durban,  just  as  those  of  Durban  are  a  day  or  two  later  than 
they  are  at  Kimberley.  The  range  of  monthly  means  from  January 
to  July  is  "22  inch,  or  about  "02  inch  less  than  the  ranges  at  Durban 
and  Kimberley,  but  practically  the  same  as  that  of  Philippolis  and 
Aliwal  North.  Tt  is  therefore  typical  of  the  pressures  of  the  low 
lands  surrounding  the  South  African  table-land,  and  no  doubt 
depends  in  some  way  (as  in  the  case  of  Durban)  upon  the  variation 
of  maxinuini  temperatures  inland.  The  greatest  pressure  observed 
during  the  period  under  review  was  30-7 L'^i  inches,  the  least 
29'335  inches,  giving  a  total  range  of  i  ;383  inch.  This  is  rather 
greater  than  the  range  found  for  Durban  in  the  ten  years  1888-97 
{i.e.,  30-801  -  29-507  =  1'294  inch).  The  Durban  observations,  how- 
ever, are  made  twice  a  day,  at  9  a.m.  and  3  p.m.,  while  the  East 
London  observations  are  only  made  once,  at  8  a.m.  Were  observa- 
tions made  at  East  London  also  at  3  p.m.,  we  should  expect  still 
lower  minimum  pressures,  and  therefore  it  seems  to  follow  that  the 
total  range  at  East  London  must  be  somewhat  greater  than  that  at 
Durban,  while  the  actual  mean  pressure  at  the  former  place  would 
be  somewhere  about  a  tenth  of  an  inch  the  lesser.  The  greatest 
ranges  of  pressure  are  found  in  May,  and  in  July-November,  being 
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nearly  half  as  great  again  as  those  of  the  other  months,  including 
June.  Exactly  the  same  rule  holds  for  Durban.  It  is  during  these 
montlis  of  greatest  range  of  pressure  on  the  coast  that  dust  storms 
are  most  frequent  over  the  central  table-land. 

The  mean  ujonthly  maximum  and  minimum  temperatures,  and 
their  arithmetic  mean ;  also  the  greatest  and  least  observed  in  any 
month,  and  the  total  range,  are  given  below : — 
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The  curve  of  mean  maximum  reaches  its  highest  value  about 
the  end  of  Januaiy,  lagging  a  month  behind  the  solstice ;  but 
its  lowest  value  is  more  than  two  months  later  than  the  sun. 
The  curve  of  mean  miniumm  reaches  its  highest  value  during 
the  first  week  of  February,  and  its  lowest  during  the  first  half  of 
July.  These  epochs  are  probably  largely  determined  by  the 
dilTt  retices  of  temperature  between  land  and  sea.  There  is  a 
remarkable  difference  between  the  annual  ranges  of  tlio  curves  of 
mean  maximum  and  mean  minimum  :  the  mean  maximum  tempera- 
ture of  the  wintf  r  months  being  only  or  7°  lower  than  the  mean 
maximum  of  liie  summer ;  whereas  the  mean  minimum  temperature 
has  a  range  more  than  twice  as  great.  This  is  in  sharp  contrast  to 
tlie  ranges  over  the  central  table-land,  for  at  Kimberley,  for 
example,  the  range  of  mean  maximum  is  perhaps  30^^,  and  that  of 
mean  minimum  24°.  The  small  variation  of  the  mean  maximum 
temperature  at  East  London  throughout  the  year  is  largely  due  to 
the  frequent  hot  winds  of  the  winter  months  ;  while  the  night  tem- 
peratures during  the  winter  may  he  reduced  more  than  they  are  in 
the  summer  by  the  land  breeze.  The  highest  shade  temperature  on 
record  is  106\  the  lowest  30°,  giving  a  total  range  of  70°. 

The  high  absolute  maximum  temperatures  during  the  winter 
{uonths  are  one  of  the  most  noteworthy  features  ip  the  chmate  oC 
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the  south  and  west  coasts  of  South  Africa.  They  generally  come 
with  a  low  barometer,  and  winds  from  some  inland  direction,  and 
are  excessively  dry,  Sparrinan,  who  appears  to  have  been  perhaps 
the  first  to  describe  them,  relates  that  '•  in  the  months  of  May,  June, 
and  July  (which  about  the  Cape  elsewhere  arc  the  winter  months, 
and  are  attended  with  copious  rains)  it  is  here  quite  dry,  though 
frequently  rather  cool  and  bleak.  The  north-west  wind  at  this  time 
prevails  here,  as  well  as  at  the  Cape ;  sometimes  the  wimi  veers 
about  to  the  north,  and  brings  with  it  the  warmth  of  summer  -  a 
change  which  frequently  occasions  the  milch-cows  in  Houtniquas  to 
grow  stiff  in  the  joints,  I  \vas  assured  that  it  never  rained  when 
this  north  wind  prevailed,  probably  on  account  of  the  chain  of 
mountains,  which,  extending  from  east  to  west,  proves  a  barrier  to 
keep  the  clouds  on  the  other  side ;  or  else  by  virtue  of  their  attrac- 
tion detains  these  condensed  vapours  on  their  summits."  * 

There  was  an  exceptionally  good  observer  at  East  London  during 
a  few  months  of  1886.  He  notes  a  maximum  of  80°  for  the  24  hours 
ending  8  a.m.,  August  26th,  md  one  of  93P  in  ihe  foUowiog  24  hours, 
and  makes  the  foUowing  remarks: — 

(1)  '*  Max.  8(f  IB  the  aetoal  tampmtoxe  at  tha  time  of  observation 
doe  to  an  exoeedingly  hot  wind  blowing.  At  no  time  dnring  the 
pieyioiis  24  boon  would  flie  mereory  have  zeaohed  anything  like 
tills  figure." 

(2)  "  The  eap  of  water  on  the  wet-bolb  thermometer  was  filled  np 
ftt  8a.m.  when  the  obaenratione  weie  made,  but  on  examination  an 
honr  after  was  loond  to  be  half  empty,  showing  how  great  was  the 
vwwgoai&aik  indnoed  by  the  aboye-mentioned  hot  wind." 

The  same  obserrer  also  remarks  on  the  hot  wind  of  Ssptsmber  lltti, 
in  ythSuAi  the  tempsratore  naohed  96°:  «Oa]m  till  9  a.m.  Hot 
wind  bom  N.  then  set  in,  lasting  all  day,  similar  to  that  exps- 
lienoed  on  August  510th.  This  wind  is  an  awful  infliotion  while  it 
lasto,  as  it  feels  led-hoi" 

These  winds  seem  to  be  almost  entirely  confined  to  the  hours  of 
daylight.  In  no  case  do  they  seem  to  haye  very  much  eflTect  upon 
•the  nocturnal  temperatures,  Tery  seldom  raising  them  more  than  10^. 

It  has  been  stated  that  these  hot  winds  last  sometimes  for  seyeral 
days ;  the  '*  man  in  the  street "  affirms  roundly  that  they  last  lor  a 
weak.  But  such  is  not  the  case  at  Bast  London,  at  any  rate, 
although  once  or  twice  it  has  happened  that  there  have  been  two 

*  A.  Spamnan,  A  Voyage  to  ih$  <kijp$  of  Chod  fops,  8eo.  Ed.,  1786,  toL  L, 
pw  m.  Sparrman  reftn  hue  to  the  oooatey  b«tw««n  Town  ud  what  !■ 
aow  Fiort  Eliiabttth. 
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hoi  winds  on  two  oonseentiye  days,  and  now  and  then  two  m  a 
week.  Vox  example : — 


12 
13 
14 
15 
16 


m. 

8  a.m. 

M. 

65° 

9QP 

106° 

67 

68 

90 

.  64 

64 

80 

62 

71 

90 

68 

90 

98 

66 

66 

80 

Here  we  see  that  although  there  were  hot  winds  on  the  11th, 
12th,  14th,  15th,  the  mommgs  (as  shown  by  the  minimum  tenqMca- 
tures)  always  opened  cool.  To  the  unobservant  this  would  i^pear 
to  have  been  a  hot  wind  lasting  a  week.  It  should  be  mentioned 
that  the  high  temperatures  of  the  11th  and  12th  are  due  to 
one  baiometrio  dq^ression,  those  of  the  14th  and  15lh  to 
another. 

At  East  London  the  seasonal  distribution  of  hot  winds  is  very 
pronounced,  there  being  two  maxima  of  frequeney,  one  in  the  late 
spring  and  the  other  in  the  early  autunm.'*'  Daring  the  whole  of 
summer  and  the  middle  of  winter  they  are  rare,!  as  will  be  seen  from 
the  Table  below,  giving  the  frequeney  expressed  in  the  number  of 
times  observed  in  21  years : — 


Jan. 
Feb. 
Hftr. 
April 

June 


Above  QQo. 


No. 
1 
1 
2 
6 
9 
1 


90»  above 
the  M«en. 


No. 
1 

1 

6 
7 


AbOTO  fl<X>. 

ao  above 

ttaeMMS. 

No. 

No. 

1 

1 

18 

18 

Sept  

8 

10 

Oct  

8 

4 

Nov  

a 

••• 

« 

In  this  matter  of  seasonal  distribution  they  differ  in  a  marked 
manner  from  the  less  frequent  thou^^h  fiercer  hot  winds  of  Durban, 
for  at  the  latter  place  they  are  confined  almost  entirely  to  the  spring 
and  early  summer.   On  the  other  hand,  judging  from  the  Beporte 

*  Over  the  ooast  districts  further  west  there  is  a  similar  seini*aimual  rftinM 
period. 

t  Than  tan,  howsm,  traqmolly,  ia  the  winior,  mm  winds,  mj  U*sboftlhi 
nMMi  ci  the  month. 
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of  the  Cape  Metoorologioal  CommiBsioii,  they  arc  more  frequent  in 
the  wioter  on  the  west  coast  than  they  are  (daring  the  same  season) 
on  the  south.  Stewftrt  gives  the  following  monthly  distribution  of  a 
total  of  41  days  upon  which  hot  winds  blew  at  Port  NoUoth  during 
1900*:— 

Apia   1        July    la 

May   6        Aug   8 

June   11         Sept   8 

Their  periodicities,  therefore,  probably  depend  mainly  upon  the 
annual  inovemeuts  of  the  permanent  anticyclones  of  the  southern 
hemisphere. 

There  seems  to  be  no  doubt  that  these  hot  winds  originate  on  the 
table-buid,  albeit  every  northerly  wind,  even  with  a  low  barometer, 
is  not  necessarily  a  hot  wind..!    The  following  Table  gives  the 


StNOPTIO  EZiUCEMTH  DUBIKO  A  HOT  WiND  AT  EA8T  LONDOH. 


TempMnftue. 

Loodon. 

DBrten* 

Kixnbflrley. 

Dntaa. 

Kim- 
iMriejr. 

inches. 

inches. 

inches. 

o 

o 

o 

Third  day  before 

30- 149 

30-248 

26-2C4 

68 

78 

75 

Second  day  before 

30- 171 

30-809 

26-290 

69 

77 

77 

First  day  before 

30111 

30-288 

26-276 

75 

79 

79 

Day  

29-902 

80144 

26-233 

92 

82 

79 

First  day  after  ... 

29-988 

3008G 

26-201 

70 

83 

76 

Second  day  after 

30-095 

3()-219 

2r)-219 

70 

78 

76 

Hiitdd»jr  after... 

80-126 

ao-296 

26*281 

69 

79 

78 

average  pressure  and  average  maximum  temperature  conditions  for 
the  fifteen  most  strongly  marked  hot  winds  blowing  at  East  London 
in  the  four  years  1897-1900,  for  the  seven  days  of  which  tbe  middle 
day  is  the  day  of  the  hot  wind,  together  with  the  corresponding 
synoptic  elements  for  Kimberley  and  Durban.  At  East  London 
itself  the  day  of  a  hot  wind  generally  opens  with  the  wind  some- 
where about  north-west,  and  not  very  much  cloud;  at  the  same 
time  at  Kimberley  the  wind  is  fairly  strong  between  north  and 
north-east  and  the  sky  clear ;  at  Durban  oalms  or  north-east  winds 
are  the  role,  and  clear  skies. 

•  0.  Stewart,  Mmeln  Souik  AfHea,  Art.  **  ICnteorakgy/'  p.  40, 1906.  The 
tanpeiatwes  am  not  given. 

\  Sparrman  was  informed  that  on  the  Krombook  River,  some  distant-o  oa^t  of 
Sweiiendam,  "  the  west  wind  was  the  warmest ;  but  what  was  very  extraordinary 
was  that  tlia  lUHctli  wind  was  the  oddest "  {Voyage,  toL  |i„  p.  899). 
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Bxaolly  m  wm  fonnd  in  the  OMe  of  the  hoi  winds  of  Dwban,*  to 
we  find  the  tempentiires  and  presBoras  of  Kimberiey  ^rell  ebofe  the 
nonnal  during  the  fixet  half  of  the  week*  wi&  a  eoddeo  fall  to  « 
lower  temperature  afterwards,  and  a  gradual  fiJl  to  a  lower  piessora. 
The  wiations  of  temperature  and  pressure  al  Dnrhen  aie  in  the 
same  direction  as  at  East  London,  though  they  oome  rather  lalsr, 
and  the  variation  of  temperature  is  muoh  less  pronounoed. 

When  the  temperatures  and  pressures  at  Bast  London  and 
Durban  on  the  day  of  a  hot  wind  at  the  latter  plaoe  are  oompared 
with  the  same  elements  on  the  day  of  a  hot  wind  at  the  former*  we 
find  some  very  strildng  dissimilsrities.  Thus  when  the  hot  wind 
prevails  at  Bast  London  the  barometer  falls  on  an  average  during 
four  days  to  the  minimum  *347  inch  at  Bast  London,  and  *SS8  ineh 
al  Durban,  the  corresponding  rises  of  temperature  being  34^  and  4^ 
respectively;  but  when  the  hot  wind  is  at  Durban  the  beiometer 
falls  in  the  same  period  of  time  to  the  minimum  *866  ineh  al  Durban 
and  '289  ineh  al  East  London,  the  oonesponding  rises  of  tempera- 
ture being  at  Durban  and  praotioally  nothing  al  Bast  London. 
That  is  to  say,  the  depression  lAddb.  determines  such  a  wind  is 
actually  deeper  at  East  London  when  there  is  a  hot  wind  al  Durban 
than  it  is  at  East  Iiondon  itself  when  the  hot  wind  is  there.  But 
there  is  this  important  distinotion — that  when  the  hot  wind  is  afc 
East  London  the  direotion  there  is  about  north-westerly  (t^.,  from 
inlaiul),  whereas  when  the  hot  wind  is  at  Durban  the  wind  al  Bart 
London  is  south-westerly  (tA,  up  the  ooast). 


STMomo  BunaRTB  dvbiko  a  Hot  Whid  as  Duuav, 

1886-1904. 


Prossare. 

Temperature. 

Durban. 

East  London. 

Durban.     Baal  Lcmdon. 

Day  

inclu'H, 
30- 151 
30- 130 
30  058 
29-795 
3013t5 
;W131 
a0X46 

Inches. 
30  029 
30  020 
29901 

29-  740 
30  025 

30-  O.S7 
80  007 

o 

80 
84 
84 
104 
80 
81 

o 

71 
79 
74 

73 

Tl 
79 

10 

TyUng  into  aooount,  therefore,  the  synoptio  conditions  peevailing 


*  Sec  J.  R.  Sutton,  *'  Some  Pressure  and  TMBpttatOIS  Bimltl,*'  Ao.*  t^mm. 
S.  A,  PhU.  8oe,,  vol.  zi.,  part  4,  p.  978. 
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at  Durban,  East  London,  and  Kimb(<rley,  while  a  hot  wind  is  blow- 
ing at  either  of  tho  former  places,  and  thi;  fact  that  the  direction  is 
ahvays  otf-shore,  there  surely  can  he  no  roasonal)!*'  doubt  remaining 
that  they  are  true  Fochn  winds,  strongly  resemljling  those  of  the 
lower  slopes  of  the  Alps  described  by  Hann.^=  Nevertheless  this  is 
not  to  say  that  a  South  African  hot  wind  is  wholly  explained.  There 
seems  to  be  a  probability  that  some  subsidiary  prooess  is  iiiTolved 
in  generating  these  high  temperatures  in  addition  to  the  adlabatic 
heating  of  a  downcast  current  of  air.  We  have  seen  that  there  ax6 
occasional  temperatures  during  April  of  90°  at  8  a.m.  at  Bast 
LondoQ.  Now  the  April  mean  temperature  of  the  air  at  Queens- 
town,  100  miles  north-west  from  East  London,  at  8  a.m.,  is  57^*6. 
If  this  air  could  flow  at  once  to  East  London  it  woold  aoqniie  m 
temperature,  due  to  compression  in  falling  3,500  feet,  of  aboat  18^7 
more,  making  it  76°'3.  We  shall  have,  therefore,  to  aoooont  Inaoaw 
way  for  another  14°  to  get  the  observed  temperatorea.  But  air 
fioin  inlaod  inaat  necessarily  take  time  to  reaob  the  ooaat,  ao  that 
Qnaenatowii  air  would  have  to  start  some  horn*  bafoie  8  a.m.  to  gat 
to  East  Landoa  at  that  tuna.  U  ira  aaamna  that  it  ttarta  bafm 
sviiriae  whUa  at  ita  maan  minimnin  tamperatsre  of  about  4SP,  it 
woidd  aoqiure  an  additional  18^*7  in  ita  daaoant  and  a  small  riaa  on 
aoooont  of  dhmal  temperature  variation.  Thia  last  would  be  less 
than  it  would  have  expetianoed  if  it  had  lamainad  at  Qneenatofwn, 
baoanae  the  ooaat  variation  ia  mnohleaa.  It  aeama,  then,  that  we  have 
nearly  20P  to  aeooont  for  if  we  aaanme  the  air  to  start  from  Qneana- 
town  at  ita  nonnal  temperatova.  Of  oonrae  the  temperatore  at 
Qneenatown  may  be  higher  than  naoal  to  begm  with,  aa  it  ia  at 
Kunberiey  at  the  same  time ;  bat  it  ia  not  likely  to  be  2(f  above  the 
nonnaL  And  if  it  were  we  should  still  have  to  aeooont  for  it  at 
Qneenatown  instead  of  at  East  London,  and  so  only  have  shifted  the 
ineidenfle  of  oar  diffioolty.  At  Sing  William's  Town,  80  miles  from 
East  London  and  1,800  feet  above  the  sea,  the  April  mean  tempera- 
tnxe  of  the  air  at  8  a.m.  is  68^*6.  Adding  7°  for  adiabatio  inereaae 
of  tampeiatorB  doe  to  oompieosion,  and  we  have,  aa  befcoe,  needy 
SCP  of  rise  still  to  eiipUun,  assaming  the  air  to  atart  from  King 
William's  Town  at  ita  nonnal  temperatore.  Of  ooarse,  if  the  rise  of 
temperators  is  all  adiabatio,  then  we  most  oonolade  that  the  air  haa 
started  from  hi|^ier  levels,  abofe  the  sorfaoe,  say  from  an  altitnde  of 
TiOOOIset  at  a  tsmpeiatare  ci  aboot  58°.  Bat  it  seems  more  likely 

•  See,  inter  alia,  J.  Hann,  Met.  Zeit.,  Jauuary,  1904,  p.  42.  C.  Stewart, 
Science  in  South  AJrica,  p.  10.  Also  lor  comparison,  Bartholomew's  AtUu  of 
Mtitoroloffy,  p.  38  and  Plate  88,  1899.  J.  Hann,  Iithrbnok  itr  Met,,  p.  605, 
190IL  Bcmdboek  e§  Cltwafaloyy,  oh.  ids.,  1908. 


Digitized  by  Google 


296    TrantacUons  of  the  South  African  PhUotopkUml  6oai§tjf. 

thaA  the  friotion  of  a  dost-laden  air  may  aoeoimt  for  some,  al  any 
rate,  of  the  20°  we  want 

The  enifaoe  temperatoras  of  the  sea  have  been  observed  vegolariy 
at  East  London  since  1897.  They  fall  upon  a  oonre  very  similar  to 
that  of  the  mazimmn  temperatnreB  of  the  air,  with  the  same  long- 
drawn-oat  minimnm  from  Jnly  to  September.*  Monthly  avenges 
are: — 

Jan.   67* 

Beb.   66 

Mar.    64 

April    61 

May   68 

Jnne    62 

Tear    64 


July   61*» 

Aug.    61 

Sept   61 

Oot   68 

Nov.    66 

Deo.   66 


The  rapid  rise  during  the  late  spring  and  early  summer  is  very 
marked.  Hydrometer  observations  show  a  slight — very  slight — 
increase  in  the  densitfy  of  the  sea  from  July  to  September. 

The  cloud  averages  show  tvvo  maximu  in  the  course  of  the  year, 
in  February  and  in  October,  agreeing  in  this  respect  with  Kimberley, 
and,  in  fact,  with  the  greater  part  of  the  whole  country  lying  between 
Natal  and  Pondoland  on  the  east  and  Namaqualand  on  the  west. 
The  minima  occur  at  the  solstices.  Neither  of  these  turning-points 
show  any  special  agreement  with  the  monthly  averages  of  rainfall, 
one  reason  possibly  being  that  clouds  of  difif^erent  types  prevail  al 
different  seasons.   Monthly  averages  are : — 


Jan. 

M. 

Mftr. 

April 

May 

June 


Saan. 


53% 

56 

60 

•15 

39 

86 


40% 

42 

36 

32 

21 

17 


July  ., 
Aug.  . 
Sept.. 
Oct.  ., 
Not. 
Deo. .. 


Saaa. 

Uma. 

34% 

17% 

40 

17 

47 

96 

06 

81 

06 

96 

08 

87 

47 

98 

In  the  East  London  Begister  the  speoies  of  cloud  does  not  appear, 


*  Cf.  G.  Stewart,  iSommm  in  South  Africot  pp.  25,  4S.  61. 
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only  the  peroentage  of  sky  olouded,  so  that  the  relatum  betwson  Uie 
elouds  mad  the  rain  must  be  more  or  lese  oonjeotural ;  but  if  tiia 
coa3&&oitm  al  Kimberley  may  be  taken  as  a  guide,  tiieie  an  mairinMi 
cl  olonda  of  a  oizm  type  in  July  and  Ootober,  of  a  ttratilonn  type 
In  April  and  Ootober,  and  of  omnnhui  and  alliad  apeoiM  dnzing  the 
height  of  aommar;  and  it  ia  entirely  due  to  the  graal  mcreaae  in  the 
two  fonner  in  Ootober  that  there  ia  a  gen«al  okmd  mannram  at 
that  time. 

Five  yean'  obaerrationa  of  the  direction  from  whioh  the  olonda 
are  travelling  have  been  made.  Apparently  they  have  been  referred 
by  the  obaenrera  to  magnetic  North,  and  are  read  roughly  to  eight 
pointa.  A  rough  oorreotion  to  tme  North  givea  the  following 
approximate  Table  of  number  of  timea  the  elooda  hare  been  obaerved 
moving  from  apeoified  dueotiona  in  five  years : — 

N.       N.E.       E.       S.E.        8.        S.W.       W.  N.W. 
40      333      42      19      298      727      13:^  18 

Some  of  these  numbers  doubtless  include  low-level  driving  mist. 
It  will  he  seen  that  the  prevailing  cloud  currents  correspond  to  the 
directions  of  the  prevailing  winds  (/./'.,  N.E.  and  S.W.),  excepting 
that  the  north-easterly  cloud  directions  are  relatively  much  less 
numerous  than  the  same  wind  directions.*  At  Kimberley  the  pre- 
vailing cloud  direction  is  very  nearly  west-north-west,  four  years' eye 
obaervations  giving  the  following  number  of  times  seen : — 

N.  N.E.  E.  S.E.  S.  S.W.  W.  N.W. 
66       12       4       4       13       37       253  200 

Thus  neither  at  East  London  nor  at  Kimberley  do  clouds  come  to 
any  extent  from  the  south-east.  Taken  in  conjunction  with  the  fact 
that  inshore  winds  are  not  frequent  on  the  sontin-eaat  ooast  of  South 
Africa,  these  cloud  directions  furnish  a  strong  argument  against  the 

south-easterly  rain-bearing  winds  "  myth,t 

The  Table  below  gives  particulars  of  the  average  monthly  rainfall 
at  the  West  Bank,  East  London,  in  the  21  years,  1884-1904, 

•  For  these  MS  J.  B.  Sutton,  "TbsWinOi  of  Bait  London,"    /.  It.  JM.  S., 

April,  1<X)6. 

t  In  occasional  thunderstorms  there  are  south-cast  winds.  Sparrman  men- 
tions one  during  a  iiol  t>pell  of  weather,  which  gave  him  a  "  headaoh,"  near  the 
ondoflTTS.  O.  Bttwart  mentioni  an  higtanoe  ot  a  local  thnadorstcmn  at  Port 
Elisabeth  in  tdiioh  the  wind  wai  S.B.E.  8. 
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togeihttr  with  the  greaM  &11  in  om  day,  and  tiie  nnmbar  of  daily 
falls  of  amigned  quantity  : — 


Avenge. 

Greatest 
Fall 
in  one 

Nomber  of  Falls  in  21  Tears. 

Montlily 

B*  &^e» 

XAii  p6r 

*  AW«n 

OSteota. 

iTO  VO 

1-0  iMh. 

Qreater 

l-Oineli. 

Jan  

Feb  

July  

Aug  

Sept. 

Nov.  ... 
Year   

Inches. 
2-592 
2-20tJ 
2-288 
2-311 
1-663 
1112 
•833 
1-649 

1-  848 

2-  266 
2-462 
9-108 

per  month 
9-2 
9-3 
9-2 
7-7 
5-0 
3-1 
3-6 

5-  3 

6-  4 
9-4 
9-3 

7-  T 

inch. 
•275 
•236 
•249 
■301 
-327 
•369 
•230 
•293 
•287 
•240 
•264 
-981 

inches. 
207 

1-  53 
213 
316 
1^88 

2-  77 
2^10 

3-  09 

1-  90 

2-  32 
427 
4*76 

1G6 
173 
164 
131 
82 
60 
68 
93 
109 
169 
161 
186 

16 
15 
21 
21 
13 
8 
5 
13 
18 
23 
23 
18 

11 
8 
8 
9 

11 
7 
3 
5 
8 
6 

11 

19 

2S-263 

85-2 

•273 

476 

1,602 

189 

98 

Aoootding  to  the  Beport  of  the  MieftoOEological  Gommiaaioii  for 
1881, "  the  rain  gauge  is  a  pennanent  fixtue  on  tiio  ridge  of  tha 
roof  of  the  Port  Captain's  offioe,  a  tube  leading  from  it  down  into  bis 
oflloet"  oonsequoDtly,  sinoe  the  aTerage  velooi^  of  the  wind  a8  Baal 
London  is  20  miles  an  hour,  we  should  expeet  the  quantitiea  of  rain 
registered  to  be  consideraUy  too  small  Fdrtonately  "  on  the  east 
side  of  the  river,  Mr.  Padget,  in  the  railway  servioe,  takes  oaie  of  a 
rain  gauge ;  it  is  well  plaoed  on  a  good  wooden  stand  in  the  yard  of 
the  matntenanoe  department."  A  oomparison  between  the  annnal 
quantities  registered  at  the  two  plaoes  from  188^1908,  and  published 
by  the  MeteoroIogiQal  OommiBsion,  shows  great  and  Taring  difb- 
renoes  between  them,  not  only  in  ttie  quantities  bat  in  the  nombsr 
of  days  reported.  The  average  annnal  number  of  days  of  rain 
reported  on  the  Bast  Bank  is  95,  and  only  77  on  the  West  Bank. . 
Only  twioe  has  the  West  Bank  reported  more  days  in  the  year 
than  the  other,  and  on  two  oooaaions  it  has  reported  only  a  few  more 
than  one^iaH  As  for  the  annual  totals,  the  West  Bank  UH  tariss 
from  66  per  oent.  to  90  per  cent,  of  the  Bast  Bank  totals.  The 
ayerages  for  these  ^1  years  are 

Inches.         Batio.        Days.  Ratio. 

East  Bank   33-27         142         95  123 

West  Bank    23-42         100        77  100 
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In  view  of  these  difforenoea  ii  ivill  be  safer  to  tegud  Htb  nnmfaevs  in 
th*  previous  Table  as  more  or  less  approximate  ratios. 

The  annual  inoidenoe  of  heavy  rain  is  ouriotis.  It  seems  that  in 
May  and  June  more  than  10  per  cent,  of  the  nnmber  of  daily  falls 

exceed  an  inch,  whereas  in  October  only  3  per  cent,  are  so  great. 
This  confirms  for  East  London  what  has  previously  been  found  for 
Kimberley,  namely,  that  October  difEars  in  the  oharaetar  of  its 
climate  from  all  the  other  months.* 

The  Table  below  givc^  the  direction  of  the  wind,  and  of  the  cload 
ennents,  immediately  before  and  after  rain  in  number  of  timas 
observed,  and  for  oompatison  the  relative  frequenoy  of  all  winds : — 


Normal 
Wind 
Frequency. 

19 
47 

9 

5 
16 
49 
39 
32 

Bain  Wind. 

Baiadood. 

Bagfaaiiis. 

Badlag. 

B  

8 
43 
2 
3 
5 
88 
49 
7 

11 

33 

6 
3 
7 
70 
69 
7 

4 

32 
1 
2 

22 
100 
25 
2 

8 
44 

4 

5 
28 
97 
16 

1 

B.E  

S  

W  

N.W  

We  see  from  this  that  while  the  nonnal  freqnenoy  of  soath-west 
winds  is  49  times  out  of  206,  the  frequency  before  tain  begins 
inoreases  to  89  times.  In  faet,  nun  simply  elongates  the  nonnal 
medhanieal  resultant  in  a  sonth-westeriy  dizeotion.  During  rain  • 
these  seems  to  be  a  tendency  for  the  vane  to  shift  slightly,  polntmg 
more  landwards. 

The  TaUes  at  the  end  give  in  twelve  columns,  for  each  day  of  the 
year,  the  following  elements : — 

L  The  date. 

2.  The  mean  barometric  pressure  at  32^. 
8.  The  greatest  pressure  observed  in  21  years. 
4.  The  least  pressure  observed  in  21  years. 
6.  The  mean  maximum  temperature  in  the  shade  for  the  24  hours 
ending  8  a.m.  of  the  opposite  date. 

6.  The  absolute  maximum. 

7.  The  mean  minimum  temperature  in  the  shade. 

8.  The  absduto  minimnm. 

*  See  J.  H.  Sutton,  "  An  Introduction  to  the  Stody  of  South  ▲frioftnltailllAll,'' 
Trans,  S,  A,  PhU,  Soc.,  vol.  xr.,  1904. 
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9.  The  peroentage  of  olond. 

10.  The  mean  ninfftll  on  the  roof  of  the  offioeof  the  Port  Oaptain, 
}or  the  34  hours  ending  8  a.m.  of  the  opposito  data 

11.  The  gieatoft  fall  in  one  day. 

12.  The  number  of  times  it  has  rained  in  31  years  on  any  gjren 
date. 

One  important  point  to  be  speoially  noted  in  theee  Tables  is  the 
BgtSi  of  low  pressure  dnring  the  middle  of  July,  and  the  fdlowing  lam 
maximum  temperatures :  the  lowest  mton  maTimnm  (and  also  tbe 
ooldest  day  of  the  year)  falling,  just  as  it  piobably  does  ereryvtoe 
else  in  South  Afrioa,  on  July  17th.* 

*  The  lowegt  value  of  mean  daily  SUUdmum  temperature — i.e.,  04" — appean 
Oiqporite  July  18th,  and  belongs,  as  explained  in  the  text,  to  the  S4  booit 
anditig  8  a.m.,  July  18fch.   The  hoUe$l  day  at  Greeuwioh  is  July  15tb. 
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THE  CYCLE  YEAB  1905  AND  THE  COMING  SEASON. 
Bt  D.  K  Hutchims,  F.B.Met8oo. 

(Bead  November  29,  1905.) 

The  year  1906  is  an  important  one  to  those  who  are  interested  in 
long-period  weather  foieoastB.  The  year  1906  is  the  oalealated 
mmmwin  of  snnspots,  and,  so  far  as  one  ean  judge  by  the  snn's 
present  appearanoe,  it  is  likely  to  be  the  year  of  aotnal  maximnm  son- 
spots.  The  year  1906  is  a  maximum  rainfall  year  aeeording  to  another 
of  my  Cape  cycle  years,  namely,  the  12*6-year  cycle,  which,  in  compli- 
ment to  Dr.  Meldbram  (one  of  the  first  investigators  in  this  field  of 
inquii-y),  I  have  named  Meldram's  eycle.  And  Broekner's  86-year 
cycle  comes  also  into  operation,  as  I  shall  explain  later.  We  have 
thus  as  regards  the  year  1906  and  the  coming  season  three  cycles 
^Tonrable  to  good  seasons.  I  propose  now  to  glance  briefly  at  each 
of  these  cydes,  and  then  to  consider  what  may  be  their  effiaot  on  the 
coming  season. 

Sunspoi  or  Solar  Cycle  of  11*11  Tears, 

The  solar  cycle  has  a  mean  period  of  11*11  years.  Sunspots 
have  been  observed  to  have  a  period  which  is  sometimes  so  much 
more  than  11  years,  and  sometimes  so  much  less,  that  occasionally 
we  have  a  maximum  getting  into  the  place  of  a  minimum,  or  vice 
vartA.  This  has  ooonned  twice  since  sunspots  have  been  under 
observation,  bat  other  solar  phenomena,  such  as  facnUs  and  terres- 
trial phenomena,  which  are  directly  dependent  upon  the  solar  cycle, 
show  less  variation  than  the  snnqpots  as  observed.  For  the  purposes 
of  my  forecasts,  prepared  in  1888, 1  have  adhered  to  the  mean  period 
of  11*11  years,  and  the  rains  which  are  reasonably  referable  to  the 
solar  period,  it  will  be  seen  from  the  cyclical  diagram  on  the  wall, 
have  not  varied  more  than  a  year  &om  the  11*11  period.  Thus,  in 

1860  the  sunspot  rains  were  punctual  at  the  sunspot  maximum ;  in 

1861  these  rains  came  a  y6ar  late ;  in  1872  they  were  punctual ; 
in  1883  they  were  punctual ;  in  1896  they  came  a  year  late.  The 
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xiezt  rani^t  or,  to  speak  moro  ooneotly,  solar  peiiod  brings  oa  to 
1905~4he  present  year— and  this  seems  likely  to  be  the  maihrnim 
year  of  observed  sonspoto.  For  some  months  the  son  has  been 
rarely  free  from  spots,  several  visible  without  any  magni^riiig  pOM: 
Testerday  an  ordinary  field-glass  showed  foor  spoto  ranged  in  a  long 
line  in  the  son's  sontbem  hemisphere. 

In  oonneotion  with  snnspot  rains  there  is  a  feature  wfaieh  I  haia 
referred  to  in  some  of  the  oyolioal  diagrams  as  "Lag"  rains.  The 
oyolieal  diagrams  on  the  wiJl  for  Grahamstown  and  Durban  shov 
"Lag"  rains  in  1874  at  Durban,  and  at  Grahamstown  in  1874  and 
1886.  On  some  of  the  other  long-period  rainkll  reoords  these  «  Lag** 
rains  are  more  in  evidenoe.  On  the  Ifaritabuig-Gardens-diff 
oyolioal  diagram  iSaay  toe  in  evidenoe  in  1864  (one  year  late),  in 
1874,  and  (weakly)  in  1896.  They  will  be  found  diseussed  in  my 
*'  Oyoles  ci  Drought  and  Good  Seasons,"  published  in  1888.  Thej 
are  not  notioeable  in  reoent  years,  and  as  tibe  reoord  extends  it  may 
be  found  neoessary  to  abandon  them  as  unproven.  Some  of  ttiem 
may  be  oooneoted  with  sunspots  as  observed.  But  I  am  ineUaed  to 
attach  little  importanoe  to  observed  sunspots.  I  have  in  all  my 
work  confined  myself  to  the  solar  oycle  of  11*11  years,  and  that  this 
is  the  oozrect  view  to  take  appears  to  be  borne  out  in  the  diagrams 
before  you.  In  1870  occurred  the  strongest  maximum  of  sunspots 
observed  in  that  century.  During  that  year  and  the  preceding  year 
and  the  following  year  there  was  drought  in  South  Africa.  The 
solar  maximum,  according  to  the  1111  period,  fell  in  1872,  and  with 
it  came  good  rains  east  and  west  in  South  Africa.  As  Sir  Nonnan 
Lodkyer  observes  (Nature,  July  15, 1905),  aunspots  are  only  one  and 
a  very  partial  expression  of  solar  energy. 

Meldnm's  Oyele  of  12  and  13  Years  alternating. 

In  my  work,  "  Cycles  of  Drought  and  Good  Seasons  in  South 
Africa,"  referred  to  above,  this  will  be  found  described  at  page  1(H 
as  "the  Mitigation  Drought  of  the  sunspot  n)inimum,"  since  tfiej 
first  appeared  in  the  guise  of  a  Incak  in  droughts  which  were 
connected  with  the  sunspot  mininuim.  Further  research  led  me 
to  modify  this  view,  and  to  regard  these  rains  as  of  equal  importance 
with  the  other  two  cycles  of  (.'ape  rainfall.  Sir  Norman  Lockyer 
and  Dr.  Lockyer,  of  the  Solar  Diysics  Observatory,  Kensington, 
have  shown  that  good  rains  in  India  occur  at  periods  of  maximcun 
and  minimum  sunspots ;  and  Sir  John  Eliot,  and  I  subsequently 
{Nature,  February  9,  1905),  have  shown  that  there  has  during  the 
last  10  years  been  a  connection  between  good  rains  in  fn^ift 
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good  rains  in  South  Africa,  so  that  the  mitigation  rains  in  my  early 
work  resolve  themselves  into  lij^ht  rains  at  the  sun  spotminiraum  and 
heavy  cycle  rains  at  intervals  of  12  and  13  years  alternating.  This 
cycle  of  12  and  13  years  alternating  (or  12^  years  as  a  mean  period) 
I  termed  .MeUli-um's  cycle,  at  the  conclnsion  of  my  work  in  1888,  as  a 
coni})liuient  to  Meldriini,  the  eminent  Muviritins  astronomer,  who 
was  the  first  to  connect  in  an  unmistakable  manner  solai'  activity 
with  terrestrial  meteorological  phenomena.  As  early  as  1876 
Meldrum's  view  was  accepted  that  there  was  an  unmistakable 
connection  between  the  frequency  of  sunspots  and  hurricanes  in 
the  Indian  Ocean.  If  Meldnim's  cycle  continues  as  it  promises, 
it  will  be  pleasant  in  this  way  to  perpetuate  Meldrum's  name.  In 
1892  the  12-5-year  cycle  brought  almost  the  heaviest  rains  ever 
experienced  to  the  Cape  Peninsula  and  the  south-west.  We  are 
conoemed  with  it  to-night,  since  it  is  again  before  us  in  1905. 

Briioknar'e  Cycle  of  35  Yean, 

Brfhikner,  as  you  are  aware,  has  made  extensile  reseaiehes  which 
tend  to  show  that  a  large  dass  of  terrestrial  meteorologieal  pheno< 
mena  reenr  at  a  penod  of  aboat  85  years.  Brfiokner's  S5-year  eyole 
has  been  oonfizmed  and  extended  by  (he  researohes  of  J.  Hann  and 
by  the  results  of  Bichter's  stndy  on  the  yaiiations  in  the  Swiss 
^aders.  Brftokner's  discoyery  arose  oat  of  a  stody  of  the  varying 
levels  of  the  Caspian  Sea,  whidi,  being  a  olosed  inland  sea,  famishes 
an  index  of  the  yariations  of  rain&ll  over  the  wide  area  draining 
into  the  Caspian  Sea— an  area  extending  north  even  above  Moscow. 
(Bossel  has  followed  a  similar  line  of  inquiry  with  regard  to  Lake 
Qeorge,  in  New  South  Wales,  and  by  and  by  data  from  the  African 
lakes  will  be  precious.) 

Brflokner  published  some  of  his  most  important  results  in  1890. 
This  year  these  results  have  found  their  way  into  the  daUy  press 
with  reference  to  the  fierce  criticism  that  has  been  raised  over 
ordinary  short-period  weather  forecasting  and  long-period  fore- 
easting.  It  has  been  claimed  by  the  admirers  of  BrCkckner  in  the 
pablio  press  that  his  researohes  would  enable  us  to  predict  the 
characters  of  seasons  in  a  practical  way,  which  would  be  an  inunense 
advantage  to  the  world  at  large.  This,  I  need  not  say,  is  a  result 
which  has  not  yet  been  arrived  at.  Briiokner's  researches,  wide- 
spreading  and  important  though  they  are,  lack  that  element  of 
precision  which  is  seen  in  the  Cape  weather  cycles.  I  am  men- 
tioning Bruckner's  cycle  this  evening  because,  although  his  maximum 
rain  period  has  been  fixed  about  1878^  1879,  or  1880,  and  thus  should 
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not  xeonr  till  somewhere  abont  1914,  yet  it  it  pert  of  the  Lookyor 
eyolieal  work  to  oomieot  Brfleknei'e  oyole  with  %  major  eyele  of 
Bonspofce.  Now,  1870  was  the  big  sunspot  manmom  ol  tiie  oentuy, 
and  1870  plus  85  will  bring  ne  to  1906,  our  present  year.  To  wptml^ 
then,  although  1905  is  not  BrOokner's  year  of  maadmnm  zainfill,  the 
Lockyer  disoorery  makes  it  a  partieolarly  important  year  of  nuMrhmim 
snnspots. 

South  African  rainfall  records  are  too  short  to  afford  mnofa  scope 
for  studying  the  influence  of  BrOokner's  cyde  on  South  Afrieaa 
rainfall.  The  Boyal  Observatory  has  rainfsll  leoords  for  64  years, 
and  Ifaritsburg-GardensolifF,  in  Natal,  for  51  years.  These  show 
no  tendency  for  rainfall  to  recur  in  85  years ;  but  two  very  dry  years 
at  the  Boyal  Observatory  are  separated  by  85  years,  and  two  dion^ita 
in  Natal  recur  at  85  years.  It  is  too  soon  yet  to  say  whether  this 
correspondence  is  aooidentaL 

The  "  StOTjn  "  Cycle  oj  9  and  10  Years  alternating. 

Two  years  ahead  lies  the  most  powerful  of  the  three  CSape  weaflier 
cycles — the  so-called  "  Storm  cycle."  This  I  pcopose  to  discuss  next 
year.  It  is  for  practical  purposes  iho  f^ame  as  Bnssel's  19-yesr 
Australian  weather  cycle.  This  cycle  has  also  cropped  up  in  other 
countries.  It  is  noteworthy  that  19  years  is  the  period  of  revolutioci 
of  the  moon's  nodes. 

Cyclical  Diagratm. 

With  this  explanation  of  the  three  Cape  weather  oyolee  I  will  now 
proceed  to  call  your  attention  to  the  oyoUcal  diagrams  on  the  walL 
I  have  selected  these  out  of  a  much  larger  number  in  my  possession 
to  whidi,  it  will  be  understood,  I  refer  in  the  course  of  the  following 
remarks.  The  diagrams  select<;d,  namely,  Koyal  Observatory,  Cape 
Town :  Grahamstown  :  and  Durban :  have  been  chosen  on  account  of 
the  length  and  reliability  of  their  records.  The  tirst  point  that  will 
strike  you  on  looking  at  these  cyclical  diagrams  is  the  wonderfol 
regularity  with  which  South  African  rains  fit  into  these  three  weather 
cycles.  1  know  of  no  other  country  in  the  world  where  the  rainfall 
shows  the  same  regularity. 

For  the  light,  though  precious,  rains  of  the  interior  districts  less 
dependence  can  lye  placed  on  cyclical  regularity.  To  a  large  extent 
the  cyclical  rains  are  masked  by  irregular  and  by  local  rains.  But 
I  have  seen  no  Souih  African  rainfall  where  the  iodications  of  cyclical 
intluence  could  not  he  traced. 

Ikiickner's  world-wide  researches  show  a  reversal  phase  for  inland 
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Btetions,  viz.,  wet  periods  near  the  coast  oorrespond  lo  di}  periods 
inlandi  and  vice  vend.  This,  too,  is  often  notioeable  in  Aoslralian 

A  aeoood  interesting  pdnt  to  note  In  these  ejdleel  diegiaiiie  is 
hovr  ht  the  ninfaU  predieted  In  1888,  when  they  were  drawn  up* 
has  oonesponded  with  the  predietions  then  made.  In  1888 1  drew 
these  oyclioal  diagrams,  fitting  them  into  the  ^ree  Oape  weaAier 
cycles,  and  contending  that  tiie  oyoles  were  not  going  to  change 
beoanse  we  had  mapped  them,  that  they  would  proceed  in  the  fatnre 
as  they  had  in  the  past,  and  thus  afford  ns  a  fair  indication  of  the 
prohaUe  chanMster  of  the  raln&ll  of  each  season.  How  6ur  theee 
predictions  have  heen  fulfilled  yon  now  see.  The  red  marks  on 
tiiese  diagrams  show  where  there  has  been  iitegnlarity  or  m&- 
ponctoality.  I  shsJl  now  offior  a  few  remaite  regarding  each 
rainfall  period  that  has  occnrred  since  1888,  taking  them  In  the 
order  of  their  ooonnence. 

FOBEOABT  AMD  BB8UI/F. 

Meldrum's  Cycle  Bain/all  in  1893. 

This  in  my  1888  work  was  noted  as  mainly  an  eastern  oyde. 
The  first  three  maxima  on  the  Boyal  Observatory  diagram  all  agreed 
in  bringing  only  a  small  rainfall ;  the  f omih  mmrimnm  bronght  no 
rainfall,  bat  the  first  maximum  after  1888  brought  the  heavy  rainfall 
of  1882.  Here,  then,  we  had,  as  it  were,  a  cycle  improving  on  its 
forecast  I 

In  the  east  of  Oape  Oolony  and  Natal  the  1682  Meldrcim  oyole 
rains  ran  over  three  years,  some  stations  having  the  heaviest  rainfall 
in  1891,  and  others  in  1893.  These  differences  are  partly  dne  to  the 
records  being  kept  in  calendar  instead  of  seasonal  years.  The  Natal 
inland  districts  (Maritsbm^g)  had  good  rains  on  all  three  years ;  moet 
of  the  Cape  eastern  stations  had  a  break  of  the  rains  in  1892  (note 
particularly  Evelyn  Valley).  Durban  had  the  highest  rains  on  its 
records  in  1893,  and  Umtata  and  Queenstown  the  highest  rains  in 
their  records  in  1891.  I  will  ask  yon  to  carefully  note  on  the 
Durban  cyclical  dia|i;ram  the  phenomenal  rains  of  1893.  In  that 
year  Durban  had  71  inches  of  rain,  against  an  average  of  41.  This, 
then,  was  Meldrum's  cycle  at  its  last  appearance.  It  showed  itself 
unmistakably  right  through  the  coastal  districts  from  the  Oape 
Pemnsula  to  Marit;sl)urg,  and  it  showed  itself  as  strong  in  the  west 
as  it  had  done  previously  in  the  east  of  Oape  Colony.  The  inland 
districts  of  Cape  Colony  showed  its  influence  faintly  and  irregularly, 
as  is  nsnally  the  case  with  their  irregular  rainfalls.  The  northem 
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oolcnuM  ihow  tbe  same  remarkably  heavy  rainfalls,  but  a  year,  or 
perhapi  Uoo,  sooner  (the  records  from  these  stations  are  not  in 
oalendar  years).  There  have  been  nothing  like  such  rains  since 
either  at  JohanneBhaig  oar  Bulawayo.  We  know  now  that  as  regards 
1905  this  cyole  has  mi  oome  in  a  pvomnmoed  foim  a  year  sooner 
at  the  northern  stations ;  hat  we  most  not  fcoget  ttia  intecferonoe  of 
the  two  cycles  this  year— 1905. 

The  Solar  Cycle  Uaim  of  1894. 

Looking  at  the  Boyal  Observatory  cyolioal  diagram,  yon  will  see 
that  the  solar  m^Timnm  rains  of  1894  came  weak  and  a  year  late 
in  1895.  The  weakness  on  the  Boyal  Obsenratory  diagram  is  locaL 
At  Ceres,  the  other  end  of  the  axis  of  heayy  western  rainfall,  the 
rainfall  for  1895  was  57^,  a^^^t  an  average  of  39  inches.  At 
eastern  stations  the  solar  maximum  rains  of  1894  failed  or  oame 
a  year  late.  The  xains  failed  at  many  eastern  stations  in  Capo 
Colony ;  there  were  pronounced  rains  in  Natal,  but  a  year  late,  viz., 
in  1895.  At  all  stations  in  Gape  Colony  where  these  solar  rains 
were  felt  they  came  a  year  late.  At  northern  stations,  Johannes- 
burg and  Bulawayo,  the  solar  rains  were  well  developed  and 
punctual,  and,  Uke  the  Meldrum  oyole  rains  mentioned  above,  they 
came  a  year  before  the  Cape  rains. 

"  Lag "  solar  rains  can  be  seen  for  certain  nowhere.  This  is 
perhaps  due  to  the  interference  of  the  more  powerful  "  Storm " 
cycle.  As  we  have  seen,  these  "  Lag "  rains  have  on  certain 
previous  occasions  been  strongly  mai'ked,  so  that  their  failure, 
owirirt  perhaps  to  the  interferenoe  of  the  Storm  cycle  in  1897,  is 
notable. 

THa  Storm  Oyele  Bamt  of  1897. 

There  were  some  violent  storms  in  1897.  (In  July  of  that  year  a 
railway  train  was  blown  over  bodily  as  it  stood  in  a  siding  between 
Woodstock  and  Salt  Biver,  near  Cape  Town.)  But  the  rainfall  was 
late  and  weak.  It  was  weak  at  most  stations,  and  a  year  late  at  all 
stations  in  Gape  Colony  and  the  Natal  coast.  As  on  every  previoos 
occasion  for  the  last  65  years,  it  farooght  no  rain  to  l^untzburg. 
At  the  northern  stations,  Johannesbmg  and  Bulawayo,  it  was 
punctual,  coming  again  obott^  a  year  toomr  than  in  the  south. 

The  Irregular  Bains  of  1902, 1903,  in  the  South-west. 

I  am  not  here  this  evening  to  undertake  special  pleading  on  behalf 
of  the  three  Oape  weather  eyeles,  and  I  freely  admit  that  these 
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runs  m  the  soath-west  oame  m  a  sarprise  to  me.  U  yoa  nm  the 
eye  ow  tiie  whole  of  the  ramlaU  registered  at  the  Boyil  Obaemtofy 
book  A8  far  as  the  year  1841,  it  will  be  seen  at  a  ^oe  that  there  is 
nothing  nearly  ao  abnormal  as  the  rains  of  1902  and  1908.  I  pre- 
dioted  rains  about  thenp  oonneoted  with  the  snnqpot  miwimmn^  but  I 
did  not  think  these  rains  would  extend  to  the  soatii-west.  In  tb» 
event  they  went  right  through  Bonth  Africa,  from  Gape  Town  to 
Salisbury  in  Bhodesia ;  and,  like  all  the  other  oyde  rains,  they  began 
in  flie  north  first.  In  the  Gi^  Peninsula  and  Malmesbory  they 
began  m  190S  and  lasted  tfll  1904 ;  bat  this  duration  was  looaL  At 
Geres,  the  inland  side  of  the  axis  of  heavy  rainfall  in  the  sooth-west, 
they  had  leas  than  three-fourths  the  aTeraga  ramfall  in  1908.  Qoing 
eastward,  we  see  irregular  distribution  at  onoe  in  the  ineldenoe  of 
this  abnonnal  rain.  Grahamstown  and  King  William's  Town  had 
praotioally  none  of  it.  At  the  two  nei^bouring  high-level  stations 
Evelyn  Valley  had  tremendous  rains  in  1908,  while  Eatberg  had 
none.  Again  Aliwal  got  simply  a  drought  mitigation  in  1903; 
Aliwal  and  Queenstown  moderate  rains  in  1901. 

A  possible  explanation  ooeure  to  me  with  regard  to  the  abnormal 
1902  rains.  They  may  be  due  to  the  delayed  and  irregular  sunspot 
minimnm.  The  sunspot  minimum  was  due  in  1900,  and  at  Salis- 
bury, the  most  northern  station,  heavy  rains  set  in  in  1899,  and 
continued  until  1901,  while  at  Bulawayo  the  rains  were  slightly 
above  the  average  in  1901  and  1902.  Coming  further  south  to 
Johanneebnrg,  we  find  well-developed  rains  in  1901  and  1902  ;  and 
further  south  to  Natal,  we  find  that  Durban  had  heavy  rains  in  1901, 
while  Maritsburg  shared  the  1902  rains  of  the  west  of  Cape  Gdony. 
We  thus  see  a  chain  of  irregular  rains  extending  from  north  south- 
wards, and  it  seems  possible  to  regard  these  as  in  some  way  con- 
nected with  the  irregular  sunspot  minimum  of  those  years. 

In  1901  came  the  extraordinary  summer  rains  in  the  south-west 
of  Cape  Colony  ;  in  January  of  that  year  5  inohes  of  rain  were  regis- 
tered at  the  Boyal  Observatory.  And  these  abnormal  rains  extended 
to  New  Zealand,  but  not  to  Australia. 

Nevertheless  except  for  the  small  south-west  area  of  winter  rains, 
the  irregular  rains  of  1901-1902  were  correctly  forecasted.  Page  109 
of  "  Cycles  of  Drought  and  Good  Seasons,"  published  in  1888,  reads, 
**1889, 1900, 1901,  1902,  1903,  all  years  of  drought,  with  an  irregular 
mitigation  of  one  or  two  years,  good  or  average  rainfall,  oooMmn^inoit 
probably  about  1901." 

In  the  Annual  Report  of  the  Meteorological  Commission  for  1902 
is  one  of  those  interesting  graphical  diagrams  which  the  Secretary  to 
the  Meteorologioal  Commission  oontrtvee  to  give  us,  from  time  to 
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time,  out  of  his  slender  resources.  In  this  diagram  is  shown  the 
monthly  incidence  of  the  1902  rainiall.  This  diagram  shows  us 
aiaotly  during  what  months  and  over  what  areas  the  irregular  1902 
rains  fell.  In  the  Cape  Peninsula  thoy  culminated  in  June  and 
September.  The  heavy  June  rain  of  Cape  Town  was  absent  in 
the  south-west  generally,  but  the  September  rains  ran  through  the 
whole  of  the  southern  and  western  coast  districts.  In  the  summer 
rainiall  areas  of  South  Africa  the  rains  came  during  spring  and 
autumn,  except  in  KafiEraria,  where  there  was  rain  in  June.  But 
the  most  instructive  part  of  the  diagram  is  the  "  abnormality  "  one. 
This  shows  that  the  abnormal  rains  throughout  South  Africa 
occurred  almost  entirely  in  June  and  September.  In  July  there 
was  a  drop  to  normal  rainfall.  There  was  abnormal  drought  during 
spring  and  autumn,  and  slight  drought  during  July. 

The  same  diagram  published  with  the  Meteorological  Commission 
Report  for  1903  shows  that  the  excessive  rain  occurred  in  June  in 
the  south-west  and  in  November  on  the  southern  coast.  Though 
the  rainfall  amounted  to  94  inches  on  Table  Mountain  (St.  Michael's), 
the  general  character  of  the  year  in  Cape  Colony  was  "  an  exception- 
ally severe  drouj,'ht  lasting  throughout  the  year,"  the  year's  mean 
for  all  Cape  stations  being  1'.)  per  cent,  below  the  normal  (Beport  of 
Meteorological  Commission  for  1903). 

The  real  significance  of  these  1902  and  1903  irregular  rains  will 
be  seen  when  it  is  considered  that  the  etfect  of  them  and  of  the  un- 
usually heavy  last  Meldrum  cycle  rains  (1892)  has  been  to  raise  the 
mean  rainfall  of  the  Koyal  Observatory  by  nearly  ^  inch.  Up  to 
1888  the  mean  rainfall  at  the  Boyal  Observatory  was  25*43  inches. 
It  is  now  25*9  inches. 

OONQLUSIONS. 

In  view  of  the  more  ample  material  that  has  accumulated  sinoe 
1888  the  following  conclusions  seem  justified: — 

1.  The  three  main  weather  cycles  are  of  general  application 
throughout  South  A&iea.  I  had  oonsidered  in  1888  that  the  Storm 
oyole  brought  praotioally  no  rain  to  the  eastern  stations,  and  Mel- 
dmm's  oyde  Uttie  or  no  rain  to  western  stations.  The  experienoe 
of  the  last  17  years  shows  that  both  may  extend  east  and  west 
beyond  their  area  of  greatest  mfloenoe. 

3.  ObservalionB  from  the  northern  stations  are  as  yet  too^shcMrt  to 
draw  safe  oonolnsions,  but  they  seem  to  indicate  that  the  pulse  of 
heavier  rainftdl  ooours  a  season  earlier  at  northern  stations  (Trans- 
Tial  and  Bhodeda). 
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8.  There  are  obsoore  indications  of  a  tendenoy  to  rain  aft  Hie  son* 
spot  minimam,  and  possibly  the  iiregolar  xain  of  1903  may  be 
aoooonted  for  as  a  sonspot  mfaiiniim  rain.  It  so  happens  that  the 
normal  sonspot  minimum  periods  (11^22— 38— 44— ^'6—^ — 78 
— 89 — 100  in  each  century)  have  since  the  year  1841  so  lErequently 
coincided  with  other  cycles  that  the  exact  inflnence  of  the  snnepot 
minimum  is  diffioult  to  trace.  In  the  long  chain  of  the  Boyal 
Observatory  rain^  figures  the  snnspot  minimum  has  had  no  prao- 
tioal  mfloence  till  we  get  to  the  donbtfol  case  of  tiie  1909  rains.  At 
other  stations  sonspot  minimom  rains  are  more  clearly  traceable. 
Note  the  rams  of  1866  at  Dorban,  of  1900  at  Bolawayo,  Salisbnry, 
and  Johannesburg.  Forther  observations  are  necessary  before  h 
can  be  stated  what  is  the  exact  influence  of  the  sonspot  minimom 
on  South  African  weather. 

4.  Up  to  the  present  the  direct  iofloence  of  Brfibkner's  Sfrysar 
cycle  is  inappreciable  in  Ekioth  African  weather. 


FOEEGAST  FOB,  THE  ENSUIKa  YEAR. 

As  on  previous  occasions,  this  forecast  is  based  (1)  on  the  cyclical 
indications,  and  (2)  on  such  information  as  is  obtainable  of  the  vvpiUher 
prevailing  in  neighljouring  artnis.  In  the  light  of  what  has  been 
said  abovo  the  present  cyclical  position  will,  I  hope,  be  clearly  under- 
stood. 1905  is  a  doul)Ic-cycle  year  ;  that  is  to  say,  the  solar  cycle  and 
Meldrum's  cycle  coincide.  In  my  forecasts,  published  in  1888,  the 
foUowinfj  appears  ii^^ainst  the  year  1905  :  "  Most  probably  general 
good  rains.  There  is  no  precedent  in  meteorological  records  for 
these  two  cycles  coinciding."  For  1906  appears  the  entry  :  Prob- 
ably good  rains  with  drought  at  a  few  stations."  Tlje  rains  so  far 
in  1905  have  been  heavy  at  intervals  and  marked  by  violent  storms 
— witness  the  storm  at  Durban  and  those  in  the  Cape  Peninsula  at 
about  the  time  when  a  large  portion  of  the  town  of  Malraesbury  was 
destroyed  by  a  storrn  ;  but  the  total  of  the  1905  rains  has  been 
moderate  in  the  Cape  Peninsula  and  also  in  the  north.  In  the  Cape 
Peninsula  we  may  regard  the  1905  rains  as  practically  finished,  and 
assume  a  total  of  29  5  inches.  This  is  less  than  4  inches  above  the 
average.  From  the  north,  whore  the  summer  rains  have  already 
decidedly  set  in,  I  have  the  following  data : — 

From  Zomba  it  is  reported  that  good  rains  have  set  in  for  the  last 
two  months,  and  with  the  exception  of  strong,  titful  easterly  winds, 
the  season  is  normal. 
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In  Bhodesia  fthe  niiu  during  September  and  October  have  been 
leas  than  nenal,  with  ooneeqnently  higher  temperatures.  Wind 
▼alooity  normaL 

So  &r  this  season  in  the  TransTaal  has  been  drier  at  most  stations 
than  last  year,  but  there  has  been  more  rain  at  Pretoria,  though  less 
at  Johannesburg.  At  Pilgrim's  Best  and  other  eastern  stations 
there  has  been  so  far  oonsideraUy  less  rain  this  spring  than  last 
spring. 

Lake  Chrissie,  in  one  of  the  wettest  parts  of  the  eastern  Trans- 
Taal, aflbfds  a  praetioal  illustration  of  the  eflfocts  of  the  recent 
droughts.  The  case  is  mentioned  in  a  report  just  issued  by  the 
Transvaal  Meteorological  Department  **  There  is  a  legend  among 
the  Boers  of  the  district  that  if  ever  Lake  Ohrissie  dried  up  the 
Dutch  people  would  lose  their  independence.  During  the  latter 
part  of  the  war  the  lake  was  perfectly  dry  for  the  first  time  during 
the  memory  of  man."  I  visited  Lake  Ghrissie  towards  the  end  of 
the  winter  of  1909.  It  was  then  a  noble  sheet  of  water,  but,  I  was 
informed,  shallower  than  in  the  old  times.  In  19M  Lake  Ohrissie 
dried  up,  and  it  has  been  dry  sgain  this  last  winter  of  1906. 

Baiiu  in  the  Nile  Satin, 

The  Director-General  of  the  Survey  Department,  Cairo,  writing 
under  date,  November  8,  1905,  states  that  this  year's  Nile  flood  has 
been  markedly  below  the  average.  The  rains  both  in  Abyssinia  and 
in  the  equatorial  Nile  regions  were  weak  and  late.  "  At  the  end  of 
the  rainy  season  there  was  a  general  improvement,  but  still  the 
Abyssinian  rains  of  September  and  October  did  not  reach  the 
average."  There  was  also  some  sign  of  improvement  in  the  rains 
over  the  equatorial  lakes  and  Northern  Uganda  as  the  rains  retired 
sonthwsrd.  The  Director-Oeneral  summarises  this  season's  rains 
thus: — 

"The  rains  of  1906  in  the  Nile  basin  were  very  late  and  weak; 
little  improvement  occurred  during  the  season,  giving  a  flood  con- 
siderably below  the  avenge;  some  late  improvement  may  have 
taken  place  in  the  extreme  southern  parts  of  the  basin,  but  this  is 
uncertain,*' 

The  Indian  Monsoon. 

The  Indian  Monsoon,  except  in  lUuinali,  Bengal,  Assam,  and 
Bihar,  has  been  a  bad  one,  and  the  country  was  only  suvod  from 
famine  by  a  timely  burst  of  rainfall  at  the  end  of  September.  In 
the  Burmah-Bihar  area  the  average  excess  was  12-5  per  cent,  above 
the  normaL   Elsewhere — that  is  to  say  over  the  greater  portion  of 
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India — there  was  an  average  defioienoy  of  33  psr  cent,  bebw  the 
normal.   (Dr.  O.  T.  Walker,  Meteorological  Beport  to  Govemment 

of  India.) 

On  the  whoir,  tl)o  indictitions  from  India  are  similar  to  those  from 
Abyssinia  and  the  Nile  basin;  that  is  to  Bay,  the  rains  were  weak 
and  late  in  beginning,  but  showed  an  improvement  at  the  finish.  So 
that  as  regards  South  Africa,  the  Indian  Monsoon  does  not  afTord  an 
indication  more  definite  than  that  of  the  Nile  and  Abyssinia.  It  is 
worthy  of  note  that  the  failure  of  the  Indian  Monsoon  was  on  the 
western  side ;  that  is  to  say,  that  whioh  is  nearest  to  South  Airiea. 

Forecast :  Summer  Bain/aU  Area,  South  Africa  generally,  except  the 
Southern  and  South-weet  Coaet  of  Cape  Colony. 

The  y«'ar  11K)(J  coming  between  two  rainfall  ptnioUs,  there  may  I^t- 
shoiL  iiml  local  drouglits,  or  tlie  rains  may  run  on  to  the  heavy 
rainfall  period  whicli  is  ahead  of  us  in  I'.iOT,  and  prol)ably  1908. 
The  outlook  now  is  several  years  of  good  rainfall  ahead. 


Strong  south-easters  (really  southerly  and  south-westerly  winds) 
may  be  expected  during  the  summer. 

The  eyclieal  indieation  for  next  winter's  rains  is  that  they  will  be 
moderate. 

A  word  ol  warning  may  be  added  in  conclusion.  Long-period 
forecasts  cannot  in  the  nature  of  things  have  anything  like  the  pre- 
cision attached  to  the  short  day-or-two  forecasts,  which  are  framed 
simply  on  a  study  of  the  approaching  weather  movements.  It  is 
perhaps  unfortunate  that  the  word  **  forecast "  has  been  i^pplied  ai 
all  to  long-period  weather  predictions.  In  any  case,  it  is  advisable 
to  remember  that  the  latter  are  at  best  but  a  calculation  of  prob- 
abilities, and  an  indication  of  what  may  be  expected  to  affect  the 
coming  season  as  a  whole. 

Thus,  farmers  may  expect  general  good  seasons  for  the  next  two 
or  three  years,  but  this  is  not  to  say  that  there  will  not  be  drought 
in  certain  places ;  and,  as  I  have  mentioned,  for  the  drier  inkuid 
districts  the  rains  are  too  irregular  for  the  cyclical  forecast  to  have 
any  practical  value.  After  1908  there  are  six  years  of  drou^t  to 
look  forward  to,  with  an  irregular  mitigation  of  the  drought,  most 
probably  about  1911  or  1912. 


Forecast :  South  Coast  and  South-west. 
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UNDEHGKOUND  WATER  IN  SOUTP-BASTERN 

BECHUANALAND.* 

By  Albx.  L.  du  Toit,  B.A.,  RO.S. 
(Bead  February  28. 1906.) 

In  almost  every  part  of  South  Africa  the  question  of  water  supply 
is  of  the  utmost  importance,  and  the  area  known  as  Bechoanaland  is 
by  no  means  an  exception. 

Nowhere  are  Ihm  any  perennial  streams,  and  in  oomparatiTely 
Cbw  spots  are  thm  fodUties  for  storage  of  flood-water,  that  is  by 
individnal  e£brt,  wdess  with  great  diffioiilty  and  at  great  expense ; 
furthermore,  springs  and  fountains  are  by  no  means  as  numerous  as 
in  the  area  south  of  the  Orange  Biver. 

As  a  necessary  oonsequenoe,  if  we  except  the  case  of  storage  of 
rain-water,  ihe  supplies  are  obtained  principally  from  wells  and,  to  a 
lesser  degree,  from  boreholes.  The  number  of  the  latter  is  increas- 
ing bat  slowly,  for  many  reasons  have  prevented  the  more  extensive 
utilisation  of  drills. 

The  volume  of  water  obtainable  from  these  artificial  openings,  even 
in  cases  where  the  pumping  is  effiBoted  by  wind-power,  is  strictly 
limited,  and  irrigation  on  any  scale  is  quite  impossible. 

In  the  following  the  author  will  endeavour,  &rstly,  to  pdnt  out  the 
oonsiderable  influence  of  the  geological  formation  on  the  storage  of 
tmdeiground  water;  and  seoondly,  will  consider  the  potentialities 
of  such  a  supply.  In  this  paper  the  term  South-eastern  Beohuana- 
land  will  be  taken  to  include  the  fiscal  divisions  of  Mafeking  and 
Vryborg  as  far  to  tbe  west  as  Kuruman.  Doubtless  much  will  be 
applieable  to  the  areas  adjoining. 

Hatural  featunt, — ^The  area  consists  of  a  rather  flat,  or  but  slightly 
undnlaling,  country  of  rather  monotonous  aspect. 

Around  the  town  of  Vryburg  the  altitude  is  generally  close  on 
4,000  feet  above  sea-level,  but  northwards  there  is  a  gentle  rise  of 

*  Communicated  with  the  permiuion  of  the  Geological  CommitiioH. 
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from  800  to  600  feet  towards  the  bonndaiy  dividing  Vrybing  from 
Maleking,  and  this  eonstitotes  the  watershed.  Beyond  this,  both  to 
Ehe  north  and  north-west,  we  find  a  gently  rolling  coontry  with  a 
gradual  fsJl  towards  the  Kalahari. 

On  the  south  drainage  is  eflbeted  by  the  Dry  Harts  Biret,  while 
on  the  north  aro  Tirioas  tributaries  of  the  Molopo,  namely,  the 
Mosita,  Setlagoli,  and  Matetsani  Bivers,  and  the  TUmathlahama 
Spmit.  To  the  west  aro  the  Mashowing  and  Earaman  Bivars. 

In  the  east  thero  is  oomparatiTely  little  vegetation,  most  of  the 
■  timber  having  been  ent  dovm  for  use  in  the  Kimberley  mines  or 
destroyed  by  bnsh-fires,  bat  west  of  the  railway,  and  at  a  distanes 
of  from  20  to  30  miles  from  it,  the  eountry  is  usually  oovered  with 
large  thorn  trees,  while  the  ground  is  thioUy  grassed. 

The  eiistenoe  of  snob  an  abundant  vegetation  in  a  distiiet  where 
surface-water  is  usually  absent  invariably  impresses  the  travelkr 
with  amasement. 

Geology. — Over  almost  the  entiro  division  of  Mafeking,  and  west- 
Wards  through  Genesa,  the  basement  rock  is  granite  and  gneiss,  but 
exposures  are  not  frequent  on  account  of  the  considerable  depth  of 
reddish-yellow  sandy  soil  produced  by  their  disinte<i;ration.  To  the 
north  and  north-east  of  Vryburg,  and  again  at  Mufekiog,  are  exten- 
sive flats  formed  by  diabases  and  amygdaloidal  rock»,  these  being 
later  than  the  granite  and  having  a  considerable  development  in  the 
adjoining  portions  of  the  Transvaal. 

At  Vryburg  is  the  north-easterly  termination  of  the  Campbell 
Band  limestone  and  dolomite— a  formation  that  constitutes  the 
immense  Kaap  Plateau.  It  stretobes  westwards  as  far  as  Kuruman, 
and  then  turns  northwards,  passing  in  a  broad  belt  through 
Morokwen  towards  the  Molopo  Biver  and  the  BechuanaUud 
Protectorate. 

At  Vryburg  and  further  south,  in  the  Dry  Harts  River  valley, 
there  are  depressions  in  the  older  rocks,  that  have  l>oen  filled  in 
with  shales  and  boulder-day  belonging  to  the  Dwyka  formation. 

Subsoil  water. — Hain  fails  in  the  summer-time  principally,  and 
commonly  in  the  form  of  thunder-showers. 

The  Dry  Harts  River  runs  during  a  portion  of  the  year,  but  north 
of  the  watershed  the  rivers  only  come  down  after  continued  thunder* 
storms.  The  How  is,  however,  soon  lost  in  the  sand  of  the  river- 
beds, and  in  the  Molopo,  below  its  junction  with  the  SeUagoU  Biver, 
running  water  is  seldom  found. 

By  digging  shallow  pits  in  the  beds  of  the  rivers  the  natives  obtais 
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WAler;  eurionsly  enough,  water  appears  to  be  abaent  in  oertain 
raaohea  and  is  found  a^ain  at  pointe  (nriher  down  the  yalleys. 
Why  ihis  should  he  so  is  not  evident;  possibly  the  water  may 
make  ite  way  beneath  one  or  other  of  the  banks  either  along  an 
old  and  now-hnried  channel  or  along  oiaeks  and  fissures  in  the 
rooks. 

Aoooiding  to  Penning,'^  a  somewhat  analogoas  phenomenon  existo 
in  the  lower  portion  of  the  Molopo  Biver  north-westward  from 
Knrcunan;  his  notes  on  the  nndeigroond  water  of  this  part  of  the 
Kalahari,  and  also  of  the  region  still  farther  to  the  west,  afibrd  very 
considerable  and  interesting  information. 

A  rather  earioos  featore,  confined  to  the  granite  area,  is  the 
occurrence  of  what  are  known  as  **  sand-wells."  By  sinking  a  pit 
in  the  sand  a  little  water  coUecto  at  the  bottom ;  on  deepening  the 
excavation  the  water-level  does  not  remain  stationary,  but  falls  con- 
siderably, and  the  supply  is  soon  exhausted.  These  **  sand-wells," 
euiiously  enough,  are  often  productive  at  pointe  quite  high  up  on  the 
sides  of  granitic  ridges. 

Ground  water. — ^From  the  soil  the  seepage  gradually  makes  ite 
way  downwards  into  the  underlying  rock,  and  the  depth  to  which 
the  water  will  penetrate  will  depend  upon  the  nature  of  the  rock,  ite 
porosity,  degree  of  decomposition,  the  existence  of  jointe,  Ac. 

In  addition  there  is  the  alow  but  regular  movement  of  the  ground 
water  towarcls  those  parte  of  the  country  having  a  lesser  elevation. 
In  this  the  movement  is  aided  by  fissures,  channels,  or  **  veins  "  of 
varying  width,  along  which  the  water  can  more  readily  travel  than 
through  the  pores  of  the  rock.  Though  it  is  an  open  ques^n 
whether  tiieee  *'  veins,"  which  make  water-boring  in  many  cases  so 
uncertain  an  operation,  can  be  located  by  human  agency,  there  arci 
nevertheless,  various  surface  indications  that  may  influence  a  person 
in  making  a  selecti(«  of  a  site. 

(1)  Topoffnq^, — ^It  is  usual,  of  course,  to  choose  a  site  at  as  low 
a  level  as  will  be  convenient,  yet  sometimes,  paradoxical  as  it  might 
appear,  this  may  not  be  the  best  situation.  For  example,  supposing 
we  have  the  common  case  of  a  wide  fiat  crossed  by  a  deepish  river- 
valley,  it  is  not  unusual  to  find  that  a  well  sunk  near  the  centre  of 
the  flat  will  give  a  bettor  supply,  and  that  also  at  a  shallower  depth, 
than  vrill  be  obtained  at  points  on  the  slope  not  far  from  the  river- 
bed. This  is  due  to  the  rapid  fall  of  the  water-table  tovrards  the  line 
tA  drainage  below  the  river  channeL 

*  W*  2i.  PenDiDg,  "  Gold  and  DiAmonds/'  ch&pters  iv.  and  v.,  London,  1901. 


Digitized  by  Google 


254  Tnmtaetunu  of  the  South  African  Phihtophicat  Society. 

As  far  as  potaible  ridges  and  watecsheds  sfaould  be  aToided,  for  tbe 
area  that  can  be  drained  by  a  well  in  snob  a  posilion  is  invariably 
small,  and  the  proportion  of  rainfall  absorbed  by  the  soil  is  nraeh 
lower  than  on  the  flats.  A  tronblesome  strip  of  oonntry  is  the  nnia 
watershed,  and  the  wells  along  it  are  considerably  deeper  than  else- 
where. The  normal  scardty  of  water  is  intensified  by  the  existenes 
of  a  belt  of  compact  quarts-porphyry. 

(2)  Dykei,  fauUs,  Ac — ^It  is  not  uncommon  to  find  shrubs  dusterad 
thickly  together  along  a  certain  line  with  such  regularity  as  to  prodnee 
a  narrow  belt  resembling  an  artificial  phmtataoo.  These  "  aais."  ss 
the  Dutch  farmers  call  them,  may  extend  in  strai^t  lines  for  miles, 
and  are  due  to  several  causes. 

Basic  igneous  dykes  may  give  rise  to  these  phenomena,  and  in 
most  cases  wells  sunk  on  their  outcrops  give  good  supplies  of  water. 
The  effect  may  be  produced  by  quartz-reeb,  but  they  are  not  very 
plentiful  here,  and  the  underground  cireulation  of  water  is  thenlare 
not  appreciably  influenced  by  them. 

Sometimes,  on  sinking,  no  foreign  rock  is  met  with,  but  there  is  a 
zone  of  crushed  and  decomposed  material  along  which  the  water 
makes  its  way;  this  is  not  unusual  in  the  granite  area. 

In  the  dolomite  region  such  aara  "  form  narrow  ridges  a  few  feet 
higher  than  the  surrounding  country ;  they  are  generally  oi^iped 
with  calcareous  tufa,  and  support  a  thicker  vegetation  than  round 
about. 

(8)  t'alcareous  Patches  of  soil  are  veiy  frequently  found 

covered  by  a  deposit  of  calcareous  tufa  of  greater  or  less  thickness. 
In  many  cases  this  points  to  the  presence  of  water  at  no  great  depth. 

In  the  dolomite  area,  and  again  in  that  occupied  by  diabase  and 
amygdaloid,  the  carbonate  of  linic  is  derived  by  direct  solution  from 
the  former  rock,  and  by  the  decomposition  of  the  minerals  in  the 
latter.  Moisture  containing  the  carbonate  in  solution  is  drawn  up 
to  the  surface  by  capillary  forces,  and  by  evaporatkm  the  tufa  is 
formed.  In  many  cases  the  rims  and  floore  of  pans  are  oomposed  of 
a  similar  depbsit. 

Sometimes,  however,  the  carbonate  of  liuM  is  brought  down  by 
rivers  which  take  their  rise  in  a  dolomite  area,  and  the  tufa  so  formed 
is  deposited  upon  any  kind  of  rock,  and  may  therefore  be  no  indicator 
of  underground  water. 

(4)  Pans  and  rlq/s. — These  depressions  are  extremely  numerous 
throughout  the  district,  and  vary  from  a  few  yards  to  over  a  mile  in 
diameter ;  they  exist  on  nearly  every  formation. 

These  pans  hold  water  for  a  certain  period  during  the  rainy  season; 
ail  ol  them  dry  up  during  the  winter. 
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Experienoe  has  shown  that  a  well  sunk  within  or  upon  the  edge  of 
a  pan  asaally  gives  a  good  supply  of  waler  at  a  shallow  depth.  The 
leasons  for  this  are  threefold:  firstly,  the  underlying  rook,  heing 
kepi  moist,  tends  in  consequence  to  decompose  and  become  more 
porous;  secondly,  as  the  level  of  the  pan  is  often  at  quite  an 
appraoiahle  depth  below  the  surrounding  country,  mobture  gravitates 
towards  the  depression;  and  thirdly,  owing  to  seepage  from  the  pan 
ilself,  the  level  of*  the  water-table  beneath  and  iomiediately  around 
the  pan  is  usually  higher  than  elsewhere. 

Eor  abundance  of  supply  it  would  be  difficult  to  beat  the  little 
depression  on. the  farm  Water  Pan  between  Vryburg  and  Grenesa; 
the  underlying  rock  consists  of  a  very  decomposed  and  highly  porous 
granite. 

Bi  ak  pans,  which  are  80  characteristic  of  thai  portion  of  the 
Kalahari  north  of  Upington,  are  practically  unrepresented  in  this 

district ;  the  exceptions  are  Groot  and  Kloin  Chwaing. 

(5)  Tlw  junction  of  two  formatiotu^-^H  is  rather  surprising  that  so 
little  advanta^^e  is  taken  of  the  occurrence  of  water  at  the  junction 
of  two  dissimilar  sets  of  rocks.  For  example,  the  base  of  the  Black 
Beef  Series  is  markedly  water-bearing,  and  fine  springs  occur  at 
Vrj'burg  and  at  Motiton. 

There  is  one  drawback  to  boring,  namely,  the  excessively  hard 
formation,  which  is  almost  impenetrable  with  ordinary  drills. 

Effect  of  the  formation. — Over  most  of  Beohuanaland  the  soil  is 
sandy  and  of  considerable  depth,  yet  there  appears  to  ])e  but  little  of 
the  water  stored  in  it  that  can  he  made  available.  Consequently  it 
is  to  the  underlying  rock  that  one  has  to  turn,  and  as  the  nature  of 
it  may  vary  it  is  of  great  importance  to  discover  the  effect  of  the 
geological  formation. 

This  will  be  briefly  considered  below  : — 

(a)  Granite  and  gtteiss, — This  formation  is  hardly  ever  well 
exposed,  and  is  usually  covered  with  a  mantle  of  reddish 

sandy  soil. 

As  a  rule  the  rock  is  a  well-foliated  muscovite  granite  or 
muscovite-gneiss,  with  the  foliation  planes  dipping  at  a  high  angle. 
The  rock  may  be  veined  by  pegmatites  or  traversed  by  (juartz-reefs, 
both  ni  which  will  probably  iuliuence  the  movements  of  under- 
ground  water. 

The  granite  and  gneiss  aiv  more  or  less  decomposed,  and  this 
alteration  extends  below  the  surface  to  a  rather  variable  depth  ;  the 
more  micaceous  gneissic  varieties  are  usually  altered  to  a  greater 
degree  than  the  compact  unfoliated  granites. 
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The  reMon  ii  io  be  Boughl  for  in  the  dUbreiit  ntos  of  vEfmntm 
and  oontmetion  of  the  minerel  oonetitnento,  by  whnh  plaaai  o< 
weftkneee  are  developed  in  the  rook. 

The  very  well-banded  gneiaaee,  with  regular  layers  of  quartz, 
felsptt',  mica,  or  hornblende,  may  have  a  high  degree  of  fiaility 
imparted  to  them  throogh  this  prooess,  aided  by  mineral  deooo^osi- 
tion.  This  condition  is  fovoorable  for  the  penetration  and  retention 
of  rain-water. 

In  boring,  as  long  as  the  core  brought  up  shows  cavitiee  and 
fissures,  or  the  felspars  are  clouded  or  kaolinised,  there  is  slways  a 

possibility  of  obtaining  water.  If,  however,  the  core  shows  a 
perfectly  sound,  hcesh,  compact  granite,  it  may  be  advisable  to 
stop.  In  some  cases  the  apparently  solid  rock  has  ccmtsined 
numerous  minute  cavities,  hardly  visible  to  the  naked  eye,  and 
the  borehole  has  yielded  a  considerable  supply. 

The  more  compact  varieties  of  granite— and  in  this  category  we 
may  include  quartz-porphyry — ^wiU  in  most  cases  yield  but  little  or 
no  water.  A  formation  of  qiiartz-porj^yry,  such  as  that  between 
Yrybui^  and  Genesa,  should  as  far  as  possible  be  avoided. 

In  boring  or  sinking  spots  should  not  be  chosen  where  the  granitic 
rock  forms  marked  outcrops,  and  by  prefermice  sites  should  be 
selected  where  there  are  pans  on  the  fonnation« 

Generally  speaking,  the  granite  is  a  most  uncertain  rock  in  which 
to  bore  for  water,  and  failures  may  continually  be  expected. 

A  diamond  drill  is  the  best  for  the  purpose,  as  a  jumper  will  often 
be  unable  to  penetrate  the  less  weathered  varieties  unless  with  groat 
diflSculty. 

(b)  The  diabase  formation. — This  commonly  forms  flattish  ground, 
and  from  it  excellent  supplies  of  water  are  obtained  as  a  rule,  some- 
times from  remarkably  shallow  depths.    Especially  is  this  so  in 

depressions  and  pans  and  along  stream-courses. 

The  formation,  which  is  composed  principally  of  igneous  material, 
eonsists  of  layers  of  ditTering  composition  and  texture,  while  much  of 
the  lavii  is  aniygdaloidal. 

Down  to  a  c'jriain  depth  the  diabase  is  full  of  cavities  and  fissures, 
but  beyond  that,  at  a  distance  of  a  few  hundred  feet  below  the 
surface,  the  rock  becomes  massive,  and  the  finer-grained  varieties 
may  be  absolutely  waterlef^s.  We  have,  for  example,  a  dry  bore- 
hole over  500  feet  deep  in  this  formation  at  N'ryburg  Station. 

(r)  I'hc  (luloinilc. — This,  as  a  rule,  provides  the  best  water  supply, 
and  fortunately  is  a  formation  of  great  thickness  and  one  covermg  a 
vast  area. 

Water  is  usually  met  with  not  many  feet  below  the  surface,  and 
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on  the  flats  between  Vryburg  and  Kuruman  there  are  several  places 
where  open  water  eiists  all  the  year  round.  Springs  are  not 
unoommon,  and  from  them  in  not  a  few  places  abundant,  and  in 
tome  oases  inexhaustible,  supplies  of  water  have  been  obtained. 

The  rook  is  well  bedded  and  traversed  by  numerous  joints,  wliiek 
have  often  been  widened  by  atmospheric  agencies  and  solution. 

This  ptodnoes  socmdiikai  fsvoaimble  %o  tiie  downward  passege  of 
witer;  hai  if  ibe  prooeas  has  gone  on  exiensiTelyt  it  may  lead  to  the 
traaaleranoe  of  the  water  to  deeper  levels. 

There  is  no  evidenoe  as  yeft  to  show  whether  the  movement  of  the 
undergionnd  water  in  the  dolomite  is  oonsideniUe  or  rapid.  This  is 
a  point  of  the  utmost  importanoe,  for  the  rainfall  in  the  east  is  very 
mneh  higher  than  that  in  the  weSt,  and  any  transferenoe  of  water 
from  east  to  west  will  inorease  the  nndergroond  supply  in  the  region 
of  lower  rain&ll. 

There  is  a  prevalent  opinion  that  an  nndergronnd  river  exists 
beneath  the  Eaap  Plateau ;  an  examination  of  the  Enruman  district 
will  probably  give  much  infonnation  abont  the  movements  of  water 
in  the  dolomite. 

Thece  are  nnmerons  layers  and  concretions  of  quarftsite  and  chert 
in  the  dolomite  which  may  render -boring  operations  costly  and 
labonoos. 

(d)  Other  farmaUotu. — ^The  Dwyka  formation,  although  of  a  very 
clayey  nature,  gives  a  fair  supply  of  water  within  the  town  of 
Yryburg.  The  water  is,  however,  hard,  and  has  &kintly  brackish 
flavour. 

Certain  chloritio  slates  and  phyllites  associated  with  magnetic- 
qnartsites  give  excellent  supplies,  s^.,  at  Sraaipan,  but  it  is  not 
often  that  advantage  can  be  taken  cmE  these  beds. 

It  is  dear  that  however  water-bearing  a  geological  formation  may 
be,  there  is  alwa]^  a  limit  to  the  amount  that  can  be  removed  from 
il ;  therefore  it  is  essential  that  we  should  consider  the  influences 
that  tend  towards  the  accumulation  of  water  underground. 

(1)  Bai9tfaU,—Tiu8  is  by  far  the  most  important  factor,  and  it  is 
unfcvtunate  that  records  are  available  for  but  a  few  stations  and  date 
baek  for  only  a  short,  period.  When  the  great  fluctuation  in  the 
value  of  the  annual  rainfall  is  taken  into  account,  it  is  clear  that  a 
long  series  of  continuous  observations  will  be  required  before  any> 
thing  approaching  the  true  mean  can  be  obtamed. 

The  following  values  are  therefore  only  approxuoations :  Mafeking, 
26  inches ;  Vryburg,  34 ;  Oroot  Boetsap  (on  the  Kaap  Plateau),  23 ; 
Campbell,  16 ;  Griqua  Town,  16 ;  and  Kimberley,  20. 
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There  an  no  reoordsof  obeervations  from  Kunimen  or  from  paiiita 
f mrther  to  the  north  or  west,  but  from  an  examination  of  the  nmym 
of  mean  annual  ramfall,  which  trend  somewhat  north  and  south, 
there  appears  to  be  a  considerable  falling  off  in  the  amount  of  lain 
as  one  proceeds  towards  the  Sonthem  Kalahari 

This  rain&li  occurs  almost  entirely  during  the  four  summer 
months,  and  for  the  rest  of  the  year  the  amounts  registeied  are 
comparatively  insignificant. 

There  can  be  no  doubt  that  in  former  times,  within  the  last 
century,  the  rainfall  over  this  portion  oi  South  Africa  was  much 
greater  than  that  of  the  present  day ;  this  is  a  matter  of  the  highest 
importance. 

Though  the  testimony  of  the  earlier  travellers  is  neither  unani- 
mous nor  conclusive,  the  existence  of  river  gravels  at  levels  br  above 
the  preeent  river-beds,  and  the  deep  cuttings  made  by  the  itvon 
themselves  through  ridges  of  hard  rook,  show  that  at  the  present 
day  the  rate  of  excavation  and  erosion  is  very  much  smaller  than 
was  the  case  in  times  past. 

Whether  the  present  jUminution  is  merely  a  temporary  one,  to  be 
followed  by  a  gradual  return  to  former  conditions,  is  not  by  any 
means  evident ;  but  it  will  be  best  in  our  considerations  to  ignore 
such  a  possibility. 

Of  all  this  quantity  of  water  that  falls  upon  the  surface  of  the 
ground,  none  of  it,  if  we  except  the  Dry  Harts  Biver,  makes 
its  way  to  the  sea;  that  is,  the  run-off  over  this  area  is  itf7. 
Since  practically  there  is  no  loss  in  this  way,  the  whole  of  the 
rainfall  will  have  to  be  accounted  for  by  the  processes  of  storage, 
evaporation,  and  transpiration ;  and  while  the  addition  of  water 
to  the  subsoil  can  take  place  duhng  a  very  small  fraction  of 
the  year  only,  its  removal  goes  on  day  after  day  throughout  that 
period. 

(2)  Penetrative  power  of  water. — It  is  a  commonly  noticed  fact 
that  after  a  thunderstorm  of  the  average  intensity  the  soil  is  still 
quite  dry  at  a  depth  of  a  few  inches  below  the  surface,  the  pnoiae 
distance  varying  for  different  soils. 

The  downward  passage  of  the  rain  is  greatly  influenced  by  the 
porosity  of  the  soil,  t.£.,  the  ratio  of  the  space  between  the  sand- 
grains  to  the  volume  occupied  by  the  sand  itself ;  the  larger  these 
grains  arc  the  more  rapidly  does  the  water  sink  down.  During,  and 
immediately  after,  rain  capillary  action  aids  gravity,  but  as  aoon  as 
the  surface  soil  becomes  drier  than  that  below  the  action  is  reversed 
and  the  How  due  to  capillarity  is  upwards. 

Hence  the  immense  importance  of  periods  ol  prolonged  humidity, 
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even  if  they  aie  followed  by  intomJe  of  lesser  nunhU.  This  hM 
been  shown  clearly  by  experiment  *  as  well. 

Along  ridges  end  watersheds  very  little  moistore  is  able  to  pene- 
trate the  soil,  but  in  hollows  and  valleys  the  conditions  are  very 
much  more  f avouable. 

(3)  EvaporaUon  and  transpiration. — ^By  far  the  greater  loss  must 
occur  directly  from  the  surface,  more  especially  as  the  rain  falls 
during  the  heat  of  summer.  The  rate  of  eviqKMration  depends  not 
so  much  upon  the  temperature  as  upon  the  humidity  of  the  air. 
There  are  no  records  available  for  this  area,  but  at  Kimberley, 
where  the  conditions  are  very  similar,  the  mean  annual  humidity 
has  the  low  value  of  55  per  cent. 

Not  only  does  evaporation  take  place  directly  from  the  surface 
after  rainfall,  but  moisture  is  brought  up  from  below  ground  by 
eapillary  action  and  so  dissipated ;  the  formation  of  calcareous  tufa 
by  this  means  has  already  been  noted. 

Some  experiments  made  by  Prof.  F.  H.  Eingf  show  that  the 
capillary  movements  of  water  are  considerable  even  at  a  distance  of 
4  feet  below  ground ;  hence  moisture  is  readily  brought  up  &om  such 
a  depth  and  evaporated.  The  iniportanoe  of  tiie  rapid  descent  of  the 
mobture  through  the  soil  is  thus  made  apparent  They  also  indicate 
what  has  been  proved  in  other  ways,  tliat,  in  the  ease  of  light 
showers,  all  the  water  is  brought  back  to  the  surface  and  evaporated 
before  it  can  get  below  the  critical  depth.  Another  source  of  loss  is 
the  transpiration  of  moisture  by  vegetation.  Bechuanaland  is  hirly 
thickly  clothed,  and  the  roots  of  some  of  the  thorn  trees  descend  to 
•  depths  of  over  80  feet  in  search  of  nutriment.  The  amotmt  of 
iiKMsttire  transpired  by  a  tree  <^  average  size  is  estimated  at  from 
2  to  2^  gallons  daily,  but  I  am  unable  to  obtain  any  figures  for  the 
transpiration  losses  per  square  mile  of  wooded  country.  The 
removal  of  water  by  vegetation  must,  however,  take  place  on  an 
immense  scale  annually. 

Proportion  of  rainfall  retained, — ^From  the  preceding  paragraphs  it 
is  clear  that  this  depends  upon  quite  a  number  ol  ^Mstors,  e.g., 
whether  the  rainfall  is  above  or  below  the  mean,  upon  the  porosity 
of  the  soil  and  the  rock  underlying,  upon  the  depth  down  to 
decomposed  material  and  thence  to  unfissurcd  rock,  upon  the  slope 
of  the  surface,  upon  the  amount  of  vegetation  it  supports,  &:c. 

I  think,  though,  that  if  we  consider  the  annual  rainfall  to  be 

FMtwioh, "  Wftter  Supply  of  London,"  p.  118, 1895. 
t  Xing,  **Ninfltoentli  Annual  Baport  UniM  Btetw  O«ologioal  Sarvoy,"  vol.  il., 
p.  86,  Ao.,  18B0. 
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neariy  oonstant,  the  amount  of  moisfeure  BnppUed  to  ihe  soil  must 
just  balance  the  quantity  lost,  e.g.,  the  quantity  aetnally  added  baa  a 
zero  Taloe.  Should  these  two  prooesseB  not  exactly  balance  one 
another,  a  tendency  will  be  established  whieh  will  In  time  beoome 
intensified,  so  that  after  a  certain  period  the  physical  aspect  of  the 
country  will  be  entirely  altered. 

It  is,  I  consider,  only  in  the  years  of  abnormal  rainfall  that  the 
additions  more  than  balance  the  losses,  and  that  the  ayecsge  lefel 
of  the  ground  water  is  actually  raised. 

What  exact  effect  a  period  of  very  low  rainfall  has  is  not  quite  so 
dear,  but  possibly  the  losses  may  not  increase  in  the  ratio  ejected. 
It  must  not  be  lost  sight  of  that  the  present  abundance  of  under- 
ground  water  may  in  part  represent  the  result  of  gradual  accumula- 
tion during  the  former  period  of  higher  rainfalL 

Amount  available, — So  far  yet  we  have  not  taken  into  considera- 
tion the  disturbing  effect  of  the  artificial  removal  of  water  as  a . 
consequence  of  human  occupation. 

We  may  take  the  average  depth  at  which  water  is  found  on 
sinking  a  well  in  tliis  area  at  50  feet ;  some  wells  in  the  district  are 
over  100  feet  in  depth,  and  there  is  one  example  as  much  as 
140  feet  deep. 

A  certain  number  of  wells  have  had  to  be  deepened  from  time  to 
time,  as  the  water  was  removed  from  the  rock  and  as  the  supplies 
had  to  be  drawn  from  points  further  distant.  The  practical  limiting 
depth,  however,  may  be  taken  at  150  feet. 

The  whole  of  the  moisture  contained  in  any  given  volume  of 
saturated  soil  cannot  be  entirely  withdrawn  ;  experiments  show  that 
even  after  several  years  of  draining  about  20  per  cent,  is  still 
retained.  After  wells  have- served  their  purpose,  boreholes  may  be 
employed  to  drain  the  lower  levels,  but  it  must  be  remembered  that 
the  poreepaoe  in  rocks  diminishes  as  we  descend,  so  that  the 
advantage  gained  in  depth  will  finally  be  set  off  by  the  diminished 
porosity  of  the  water-bearing  material. 

The  movement  of  water  underground  towards  wells  and  borebcte 
is  slow,  and  varies  considerably  for  different  materials  ;  for  average 
sandy  soils  and  pressure  gradients  the  velocity'^  of  flow  is  from 
1  to  2  miles  per  annum.  The  rate  decreases  very  rapidly  with 
diminished  porosity,  and  in  decomposed  rock  the  velocity  must  be 
extremely  small  indeed. 

It  may  therefore  happen  that  a  well  will  show  a  gradual  falling 

•  C.  SHchter.  "  Motions  of  Underffround  Waters."    United  StataS  GsokglMl 
Survej,  Water  Supply  and  Irrigation  Papers,  No.  67,  p.  36, 1903. 
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oflfm  its  yield.  This  may  be  got  over  by  ainkiiig  fceah  wells,  bat 
they  should  be  so  far  distaot  from  one  eaotber  tiiat  they  do  not 
interfere. 

The  eflisets  of  extensiye  and  prolonged  draining  of  the  soil  are 
becoming  very  marked  in  sewal  oonntries,  sometimes  so  mnoh  so 
as  to  give  reasonable  eanse  for  alarm. 

In  Soathem  Oalifornia*  in  the  last  ten  years  the  level  of  the 
groand  water  has  been  lowered  at  Tarions  places  from  90  to  90  feet 
over  extensive  areas. 

This  is  worthy  of  special  attention,  beoanse  this  portion  of  North 
America  in  certain  respects  resembles  Bechuanaland,  as  the  region 
is  one  of  low  rainfall  and  the  flow  in  the  rivers  is  lost  in  the  sands 
of  the  plains  which  extend  akmg  the  foot  of  the  Sierra  Nevada. 

In  London,!  during  the  last  80  years,  the  level  of  the  water  in  the 
chalk  and  lower  tertiary  sands  has  fallen  a  distance  of  from  40  to 
60  feet ;  in  this  case,  however,  the  drain  upon  the  resources  of  the 
basin  has  been  excessive. 

Conehiion. — In  the  foregoing  I  have  endeavonred  to  point  out  the 
various  inflaences — some  beneficial,  otiiers  adverse— that  affisot  the 
nndergronnd  water  supply,  and  tiiough  I  may  have  given  rather 
greater  prominence  to  the  latter,  it  is  chiefly  with  the  object  of 
drawing  attention  to  a  matter  of 'no  small  importance. 

There  ia  much  need  for  extended  study  of  the  conditions  for  and 
against  the  aoonmulaticn  of  water,  and  of  experiments  in  oider  to 
determine  how  great  a  proportion  of  the  annual  rainfall  is  actually 
available,  and  how  this  amount  is  afliacted  by  periods  of  abnormal 
rainfall  or  of  unusual  drought  Not  only  does  this  apply  to 
Bechuanaland  but  to  all  parts  of  South  Africa,  though  each  district 
will  have  influencee  that  will  modify  these  problems. 

As  regards  supplies  in  this  area  I  think  that  we  can  only  rely 
upon  shallow  wells  and  boreholes  of  no  great  depth.  I  have  only 
come  across  a  few  spots  where  the  conditions  are  apparently  favour- 
able for  artesian  supplies ;  but  such  occurrences  are  strictly  limited, 
and  the  areas  so  favoured  are  of  but  small  extent. 

Wells  have  the  disadvantage  over  boreholes  in  the  matter  of  depth 
and  cost,  whiie  in  places  where  the  soil  is  sandy  and  deep  the  walls 
may  requirs  supporting'  hy  means  of  cribs  with  linings  of  wood  or 
sheet-iron  ;  this  has  been  done  in  some  ci  the  wells  beyond  Qenesa. 

Towards  the  Kalahari  this  difficulty  may  perhaps  be  overcome  by 
the  employment  of  drive-wells,  s.^.,  tubes  perforated  at  their  lower 

*  Unittd  Statas  O«iloeleal  Sarvay,  MonocHvli  ilfU.,  p.  497. 
t  PiMtwIoh,  '*  Water  Snpfty  ol  London,**  p.  189, 1896. 
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eztremifties  tout,  faniiibMl  with  eomeal  btMS  paiMtnitiiig  pointe. 
They  are  driven  down  through  the  sand  until  the  eatnrated  soil  ■ 
penetrated.  Over  most  d  this  axea*  however,  the  depth  of  soil  it 
prohaUy  not  tnffieient  to  warrant  then:  adoption. 

In  some  of  the  vaUeya  Bab-sorfoee  dama  migbt  be  boOt,  and  by 
that  meana  the  water,  whkdi  nnder  ordinary  oonditiona  makes  Hi 
way  slowly  down  bdow  the  fiver-bed,  bnraght  up  to  the  aoifiee. 
Such  a  dam  is  oonstmeted  by  exeavattng  a  treneh  aeross  the  (dry) 
river-channel,  extending  it  down  to  the  bed-rock,  and  then  filling  it 
with  masonry. 

This  system  has  been  extremely  Buccesaful  in  California,  and  there 
are  numerous  places  here  where  similar  dams  oonld  be  boilt,  tjg^ 
down  the  liolopo  and  Setlagoli  Bivers. 

With  FQgard  to  boring  for  water  I  do  not  think  that  it  is  advisable 
to  go  beyond  a  depth  of  400  feet ;  snob  few  borings  aa  have  exceeded 
this  do  not  yield  any  great  supply. 

The  question  of  size  of  borehole  is  of  no  great  importance ;  the 
advantage  of  a  6-incIi  )iole  over  a  44nch  one  is  to  a  great  degree 
imaginary,  as  their  actual  relative  opacities  have  the  ratio  100  to 

In  conclusion,  I  think  that  for  many  years  to  come  the  under- 
ground siipp1ie<=;  will  prove  sufficient  for  avera^re  needs,  slthwigh  it 
is  improbable  that  anything  great  will  be  done  in  the  way  of 
irrigatioD. 

As  a  cattle-raising  country  this  part  of  the  Gape  Colony  is  un- 
equalled, and  when  the  great  traoto  of  ground,  thickly  coveted  with 
grass  and  bush  and  as  yet  qnoccupied  and  unsurveyed,  are  con- 
sidered, it  is  to  1)6  hoped  that  greater  facilities  and  inducements  may 
be  given  by  the  Government  to  penons  desirous  of  settling  here, 
80  timt  the  potentiality  of  this  vast  area  may  in  the  future  become 
a  reality. 

*  C.  SUobter,  ioc.  cU„  p.  M. 
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A  SET  OF  LINEAR  EQUATIONS  CONNECTED  WITH 

HOMOFOCAL  SURFACES. 

By  Thomas  Mum,  LL.D. 

(Read  February  28,  1906.) 
1.  It  is  usually  stated  that  the  set  of  equations 


^.-A^ 

was  first  solved  by  Binet*  in  1837;  and  it  is  certainly  tnie  that 
subsequent  to  that  date  additional  solutions  were  given  by  Chelini, 
Canehy,  HSdenkamp,  and  IdouviUe.t  The  solution  given  in  Tod- 
hnnter's  "  Theoiy  of  Equations/*  where  a  reference  is  misleadingly 
made  to  Grunert's  **  Aiehiv/'  is  really  Liouvllle's. 

The  object  of  the  present  note  is  to  make  known  a  solution  which, 
though  simpler  than  any  of  those  mentioned,  is  not  brought  forward 
wholly  on  that  account,  but  also  in  order  to  draw  pointed  attention 
to  a  paper  of  Murphy's  in  which  is  given  a  general  mode  of  dealing 
with  equations  of  the  type  above  exemplified,  and  which  bears  a 
date  five  years  prior  even  to  Binet's  paper.  I 

*  BfaM*,  J.,  *•  OhtemtiiooM  mat  des  tlitectaxes  de  gfomAtxIe  .  .  (Joarn.  (d« 
I.iouville)  de  Math.,  il.,  pp.  M8-i58). 

t  Oii  lini,  1).,  "  Formazione  e  dimostraadona  dallft  formulA  oha  di  .  . 
(Giornale  Arcadico  Ixxxv.  (isti)),  pp.  3-12). 

Caachy,  A.,  "  Memolre  sur  les  fonctious  alternees  .  .  (Bzncices  d'analyae 
•t  dtt  pliyi.  mstii.,  ii.  (1841),  pp.  ISl-lM). 

Hiidenkamp,  "  Ueber  Tetnifotmatioii  iUl!lndh»t  IntagnlA ''(Onlto's  Jaam., 
xxii.  (1841),  pp.  184-192). 

Liouville,  J.,  "Sur  uno  classe  d'equatious  du  premier  degr^"  (Joum.  (de 
liiouTiUA)  de  Math.,  zl.  (1840),  pp. 

1  If  nxpliy,  B.,  **  On  Ttliminetion  between  en  Indefinite  Nnmber  of  Unknown 
Qoantitiee  **  (TnnB.  Gemteidge  Philoe.  See.,  v.  (1888),  pp.  65>76). 
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2.  The  6Menoe  of  the  aolntkm  eonaste  in  notiiig  theft  to 
the  Telidity  of  the  giveD  aet  of  eqneftioiis  is  the  eeme  ee  to  aay  that 
the  ezpreaaion 


veniflheB  for  n  yaluet  of    namely,  the  Tallies  6„  h„      6. ;  and  that 

therefore 

+  x,(i-/3.)(£-/33)...(£-/3,)  +   

must  be  identically  equal  to 

A(5-6,)(£-6,)...(£-6J. 

Since  the  only  term  containing  r  in  the  left-hand  member  is  -  T.  it 
follows  that  A  is  - 1.  We  have  only  then  to  pot  I— fi„ ...  in 
sacoession  in  this  identity  and  we  obtain 

3.  As  a  second  example,  which  readily  suggests  others,  let  us 
take  the  set 

a,x,  +  a]T^  +  a\x^  +  . . .  +  a'X  =  - 1 
X.  +  2a,x^  +  S/'^Xj  + ...  +  na'~*x^  =  0 
+  a^Tg  +  aJXj  + ...  +  ajx.  =  —  1 


Here  the  equivalent  asseition  is  that  the  expression 

1  +  i^t  +  i'iT.  +  43x3  + ...  4-  i'-x, 

Tanishes  for  »  - 1  Taloes  of    namely,  the  valoes  a,,  and 
that  its  diflerential-qaotient  with  respect  to  i  vanishes  for 
We  thus  learn  that  it  is  of  the  form 

and  observing  that  it  becomes  1  when  i  is  put  ==0  we  learn  further 
that 
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Our  identity  thus  is 

l'  .        (-l)"g-a.)«(£~a,)(g-aj...(g-a,  ,) 

ftod  eqnatiiig  ooeffioieuts  of  like  powers  of  4  we  obtain 

.  - 

a\a^j ...  a„_, 

_( -  l)"^'(2a.  +  g,  f  a3  + ...  +  o^.) 
—  ■     _  ~  » 


4.  The  flUose  eoimeotion  of  ihese  with  the  oases  oonsideied  by 
Mnxphy  will  be  evident  when  we  quote  what  he  oaOs  his  prin- 
oiple,"  whioh  is, "  If  we  main  the  iigbt-hand  member  of  the  ^ 
equation  disappear  by  transposition,  the  left-hand  member  is  then  a 
function  of  {  whioh  yanishes  when  ( is  any  member  of  the  series  1, 
2,  3,  n:  and  therefore  it  must  be  the  form  P(s-l)(a;-2) 
{x  -  3) ...  {x  His  oases  are  those  where  the  ^th  equation  is 

(b)  1  +  ix,  +  Hi  +  l)x,  + . . .  +  i(f  + 1) ...  (4 + n  -  l)x,=0, 

(c)  1  +     +  ^'iPa  +  —  +  r^r.^O. 


18 
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BEGENT  INFOR>rATIOX  COXCERNTNG  SOUTH  AFRICAN 
fEANS  AND  IHEIB  DI8TBIBUI10N. 

Bt  T.  B.  Sim,  F.L.S., 
CumtrvaUiT  tif  FomU,  Natal. 

(Kead  February  28,  1906.) 
Plates  IV.,  V. 

When  in  1882  I  prepared  a  handbook  on  "  The  Ferns  of  South 
Airioa,"  I  oarefolly  eiammed  praotioally  all  the  herbariom  material 
available  in  Sonth  Airioa,  andmth  some  assorance  ended  the  Prefaoe 
with  these  words :  "  I  do  not  antieipate  that  many  more  species  of 
ferns  will  ever  be  found  in  Gape  Golony,  bat  the  whole  region  north 
of  the  Orange,  Vaal,  and  TJmfoloBi  Bivers  is  still,  botanieally,  almost  a 
terra  ineogwUa,  and  doubtless  oontains  many  still  unreoorded  spedes." 

Farther  on  it  is  stated,  **  It  would  be  most  miftlnading  to  say  that 
the  species  which  have  been  recorded  from  the  Orange  Free  State, 
TransTsal,  Ealihari,  Matabeleland,  and  Mashonaland  are  all  that 
exist  in  them,  or  even  in  any  way  representative  ol  what  does  exist 
in  them ;  and  the  records  from  these  parts  are  merely  given  here  as 
a  quota  towards  the  much  fuller  knowledge  of  tbese  districts  which 
another  decade  will  likely  give  us.  A  more  oorreot  definition  of  the 
area  wliich  has  been  in  any  measure  satisfactorily  examined  would 
restrict  it  to  a  belt  of  country,  less  than  100  miles  wide,  stretching 
all  round  the  coast  from  the  mouth  of  the  Orange  Biver  to  the 
northeni  border  of  Natal — ^1,500  miles  or  thereby.  To  this  might 
be  added  the  Karroo  region,  which  is  known  to  have  only  a  very 
limited  number  of  species  of  ferns,  and  some  of  these  peculiar  to  it" 

Farther  investigation  has  i^EOved  this  to  be  the  case.  Theni«lhem 
colonies  have  pioved  much  richer  in  ferns  than  the  previous  lists 
indicated ;  the  coast  colonies  remain  nearly  as  they  were. 

After  an  interval  of  thirteen  years  the  additional  species  of  ferns 
and  fern  allies  to  be  recorded  from  Gape  Golony,  Natal,  and  Zulu- 
land,  taken  collectively,  number  only  seven,  vis.,  Adiantum  svl' 
phuTeum^  Nephrolepis  exaltatat  Lygodium  scandens,  Ophioglossum 
nudicaule,  Ophioglossiim  hmtanicum,  Lycopodium  dacrydioidei,  and 
IsotUs  Wornialdiif  and  no  proof  has  come  to  hand  that  any  spedes 
than  described  was  included  in  error,  or  should  not  hold  specific 
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raiik.  New  looalities  hftva  been  noted,  extending  somewhat  the 
range  of  many  other  epeoies,  and  admitting  them  into  regioiis  when 
they  were  formerly  unrecorded,  bat  otherwise  I  h«Te  no  atteratioB 
to  ma]»  in  regard  to  that  area. 

But  with  regard  to  the  Oraoge  Biver  CSolony,  Transvaal,  and 
Bhodesia  the  case  is  diffisrent.  The  deTelopment  and  settlement  of 
these  colonies,  and  the  more  easy  access  to  them  by  rail,  has  given 
opportunity  for  botanical  oolleotiog  whioh  did  not  previously  exisfet 
and  tliough  their  fern  floras  are  still  by  no  means  thoronghly  known, 
tlio  Qolleotions  in  hand  yield  data  worth  reoord  as  a  guide  to  col- 
lectors, and  a  further  contribution  toward  a  more  complete  list  than 
is  yet  possible.  It  is  probable  also  that  many  specimens  collected 
in  these  upper  colonies,  especially  during  the  Boer  War,  found  their 
way  to  Europe,  and  that  the  material  there  tells  more  than  does  that 
which  I  have  seen. 

The  geographical  area  dealt  with  in  "  The  Ferns  of  South  Africa  " 
was  nominally  ihat  part  of  continental  Africa  lying  south  of  the 
tropic  of  Capricorn.  This  included  the  Transvaal  bat  only  part  of 
Bhodesia,  and  the  latter  was  only  represented  by  bare  lists  of  about 
30  species. 

Bailway  development  and  present  political  boundaries,  as  well  as 
the  United  South  Africa  of  the  future,  all  render  it  desirable  that 
South  Africa,  as  a  fern  district,  should  be  extended  northward  so  a-s 
to  include  the  whole  of  Bhodesia  as  well  as  the  adjacent  Portuguese 
country  south  of  the  Zambesi.  From  the  latter,  which  is  doubtless 
rich  in  ferns,  I  have  as  yet  no  specimens  or  records,  and  in  this 
respect  the  present  list  is  certainly  incomplete.  Species  probably 
belonging  to  that  area  and  northward  extend  into  Ivliodesia  and  the 
Transvaal,  and  also  into  Natal,  but  their  presence  in  Portuguese 
country  can  only  be  assumed.  The  Transvaal  contains  two  distinct 
climatic  conditions,  the  one  dry  and  cold,  corresponding  in  its  fern 
flora  with  the  Orange  Eiver  Colony  and  Upper  Karroo,  while  the 
other  is  moist  and  warm  and  includes  tropical  species,  some  of  which 
do  not  extend  further  south. 

Rhodesia  has  also  two  climates,  the  dry  corresponding  with  that 
of  the  Transvaal  and  Bcchuanaland,  the  other  the  moist,  warm 
climate  which  the  coast  ward  portions  of  the  Transvaal  and  Natal 
enjoy,  and  which  also  extends  northward,  introducing  in  Zambesia 
many  tropical  species  of  which  the  distribution  there  and  northward 
is  not  yet  definitely  ascertained. 

The  Oranf^e  River  Colony  is  hardly  a  fern  country,  being  mostly 
dry  and  unfavourable,  but  in  the  north-eastern  portion,  and  espe- 
cially where  it  meets  Natal  and  Basutoland,  there  are  fern -kloofs 
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from  which  I  havo  bad  19  speciesj  and  probably  the  list  will  yet 
be  much  extended. 

In  consideration  of  the  numerous  additional  species  recorded  from 
thfi  Transvaal,  Rhodesia,  and  Oran^^o  River  Colony,  it  has  been  con- 
sidered advisahlo  to  make  this  not  only  a  new  check-list  for  the 
whole  of  South  Africa,  but  also  a  full  record  of  localities  for  these 
upper  colonies,  according  to  present  information,  including,  for  con- 
venience, such  localities  as  were  recorded  in  "The  Ferns  of  South 
Africa,"  together  with  what  have  since  been  ascertained,  it  has 
also  been  decided  to  note  therein  such  extension  of  distribution  in 
Cape  Colony  and  Natal  as  is  worthy  of  record,  though  not  to  repeat 
the  Cape  and  Natal  localities  previously  well  worked  up. 

The  arrangement  into  districts  has  been  as  formerly,  viz. :  (1)  Cape, 
Western ;  (2)  Cape,  Eastern  ;  (3)  Katfraria ;  (4)  Natal ;  (5)  Orange 
Kiver  Colony;  (6)  Transvaal ;  (7)  Rhodesia  ;  and  for  a  few  of  which 
the  exact  habitat  is  not  ascertained  Zambcsia  is  also  given,  as  indi- 
cating localities  probably  in  Rhodesia,  but  also  possibly  noitb  of  the 
Zambesi,  or  in  Portuguese  territory. 

Madagascar  has  not  been  dealt  with  here,  and  it  is  remarkable 
that  though  an  enorninus  number  of  new  species  havo  during  recent 
years  been  found  in  Madagascar,  the  ferns  and  fern-allies  of  conti- 
nental South  Africa,  iti  so  far  as  I  have  seen  them,  have  all  belonged  to 
previously  described  species,  with  the  exception  of  two,  viz.,  hoctcs 
IVormaldii  from  l^ast  London,  and  Davallia  Hollandii  (rom  Rhodesia. 

The  Transvaal  localities  formerly  recorded  were  mostly  from  the 
collections  of  Sanderson,  Burke,  Zeyher,  Maclea,  Ayres,  and  Bolus; 
and  those  from  Rhodesia  from  the  collections  of  Oates,  Waller,  Sir 
John  Kirk,  and  Ffolliott-Darling. 

Since  then  Mr.  B.  Schleohter,  Mr.  Eastwood,  and  Mr.  J.  Burtt- 
Davy  have  sent  considerable  ooDtribotions  from  the  Transvaal ;  Mr. 
W.  A.  Quail  sent  a  colleotion  from  Hoksburg,  Orange  Biver  Colony; 
Mr.  B.  A.  Holland  (Bondebosefa)  made  «  yery  complete  oollection  of 
Rhodcsian  fems  in  1904 ;  Mrs.  Bennett  made  a  fine  eoOeotkm  fiom 
the  noighbonriiood  of  Umtali,  which  was  shown  at  the  Capetown 
Exhibition  this  year,  and  to  whioh  she  has  sinee  added  many  speci- 
mens ;  Mr.  G.  Bichards,  M.L.A.  (Natal),  and  Mr.  Allen,  of  Bhodesia, 
collected  at  the  Victoria  Falls  in  1904 ;  Mr.  H.  Marshall-Hole,  C.G. 
and  B.M.,  Salisbury,  sent  specimena  from  his  neighbonrhood  in 
1894,  and  many  others  have  made  smaller  Bhodeeian  contribntions ; 
while  in  Gape  Colony  Mr.  H.  G.  Slanagan,  F.L.S.,  has  oontfaraed  to 
collect  what  was  new  to  him  or  not  recorded  before,  and  Dr.  Bolos 
and  Dr.  Marloth  have  also  been  adding.  My  own  collections  have 
been  made  in  the  Cape  Cobny,  Natal,  Znlniand,  Transvaal,  and 
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Orange  Biver  Colony,  but  without  toucbiug  the  best  parts  ol  fkB 
Transvaal  or  any  part  of  Rhodesia. 

I  have  also  recently  inspected  the  Government  Herlwiilik  ol 
Nfttal,  from  which  Mr.  J.  M.  Wood,  A.L.S.,  sent  me  ft  foD  Ml 
vtben  my  previous  woik  was  in  hand,  bat  wbiflh  now  oanlHM 
sevoral  additional  items  of  interest  Other  paUio  and  primte  btr- 
baria  in  Soatii  Africa  are  stated  by  their  owners  or  ewaten  to  eoo- 
tain  little  additional  material  ol  this  kind  sinoe  last  I  eiamiiwd  Umbl 

The  following  list  is  eompiled  from  specimens  indiioh  have  passed 
throogh  my  hands,  or  from  reliable  reoords,  and  shows  a  totU  of 
213  species,  oomprismg  186  ferns  and  36  fem-aUies.  Natal  is  the 
distriot  having  the  highest  number  ol  recorded  speeies  (147) ;  prob' 
ably  this  is  aooonnted  for  by  its  having  warm  coast  and  foreel  m 
well  as  cold  monntaio  regions,  and  possibly  also  tiirongh  its  hanqg 
had  doser  investigation  than  the  others.  Beoords  in  hand  show  the 
distribution  to  be  as  follows : — 

Mol  iWMwted  ftlM(«lMra 

InSonthAMo^  TMd. 
0»pe  Golony,  Western  Districts    17  i^eoiw     95  speoill 


S 

sr. 

Cftpe  Colony,  Kafiraria  (including  Transkei)   

S 

106 

147 

90 

86 

20 

19 

118 

116 

159 

2S 

1«1 

129 

106 

138 

155 

1G5 

172 

146 

72 

188 

Common  to  West,  Kast,  KafTrnrin,  Natal,  Transvaal,  and  HhodMi%,  26  qptcitf, 
of  whioh  8  are  also  recorded  from  the  Orange  River  Colony. 

Several  species  have  been  received  in  imperfect  condition,  mostly 
barren,  which  add  at  least  half  a  dozen  to  the  present  list»  though 
they  cannot  be  identified  from  the  material  in  hand. 

Two  genera  have  been  added  to  the  previous  list,  vis.,  Platyccrium 
and  Lygodium,  Uie  latter  being  represented  by  two  species.  lUot- 
trations  of  these  and  several  other  additions  are  attached. 

Farther  contributions  of  specimens  will  be  thankfully  received  with 
a  view  to  adding  what  still  remains  absent  from  the  present  list 
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Species  confined  in  South  Africa  to  the  Respective  Districts 
OR  Groups  of  Distbiots,  bo  pak  as  pkesently  known. 
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NamiMn  ia  aMidMd  LM  of  SpadMh 
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••• 

••• 
•«• 
•  •• 
••• 


•  •• 


•  •• 


6,  11,  39.  41,  45,  48,  50,  61.  53,  56. 
98^  Ua,  UM,  Ifie,  US,  IBS,  1B4 ... 

31 

16,  86,  *48,  fiTi  e?.  73,  74.  'oS,  UO, 

137,  152,  172,  173,  192,  211 
4, 18,  36,  40, 141,161,135,  190, 198, 

20,  44,  59.  r.0.'72,  75**82,  83'!'90,  97," 
102, 117,  139,  143,  171,  181,  187 
49,  M,  61.  64,  70, 183, 168, 177  ... 

109  ««•  ••• 

1,  76, 161   

9       »»»  ••• 
80,86,121.138,108... 

87 

190  ... 

136  ... 
170  ... 
68, 188... 

162,  198 
212  ... 
188,  196, 

^09      •■•       ...  ... 

4G,  106...       ...  ... 

80,  310  

81, 88,  109  ... 

78,  90,  113   

84   

32,  49,  63,  87, 105, 199 
136      •••       •••  •«• 

197 

99  ... 
78, 908. ...      •••      .••  ... 

18,  71, 165   

2,  17.  126,  133,  160,  176   

15,  65, 119, 124, 167,  189   

100,  lOA,  118, 146, 147   

H2      •■■  •■•       •••  At* 

111   

33   

5,  10,  12,  23,  24,  86,  89,  101,  132, 

144,  164, 179,  195,  303,  207 
14,  19,  52,  156, 174   

3,  62,  79,  149  

103,  107,  116,  131,  184,  135,  140. 

142,  160,168,186. 
166     .».      ...  I 

191   

7,  2G,  55,^60,  128,900,901.. 
25, 98,  1<5  ...       ...  ... 

31,  37,  28,  38,  47,  68,  139,  130,  169, 

180|  SOS 
202 

8,  34,  68,  91,  92,  99,  114,  116,  127, 
186, 146, 166, 167, 178, 904  
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List  of  South  Afbioan  Ferns  and  Fekn  AiiUES,  and  of  Soun 

Afbioan  Localitibs. 

(LomUKm  r$eardtd  in  «•  Firm  ttf  South  Africa  "  and  wl  r^pMl«l  A«ri  ««  mM 

1.  GMeAafMa  polypodioides,  Smilh.* 

West,  EMt,  Kaflzaria,  Natel  (F.  of  S.  A.) Engpobo  Moun- 
tains (Elanagaii  2714). 
Orangs  Biver  Oolony Bonzrille  Diat.  FidkBlxirg  (Quail). 
Ttansvaal:— Hamoteinri  (Bortt-Davy  213). 

2.  OleiehmiMimbraciUi/tra,'iSoo^ 

Kaffiraria  and  Natal  (F.  of  8.  A.):— Engoobo  Mbimtaiiia 
(Flanagftn  2691). 

Transvaal:— Near  Lydenborg  (Dr.  W.  G.  Atherstone).  Pil- 
grim's Best  (Boo).  Mamotaiiiri  (Bortt-Dayy  209). 

3.  Olekhenia  dichoUma,YfiM. 

Natia  (F.  of  8.  A.) Near  Inehanga  (J.  M.  Wood). 
Transvaal:— Manohsberg  to  Sable  Valley  (Burfet-Dayy  468). 

Haenertsberg  (Eastwood). 
Bhodesia :— TJmtali  (Mrs.  Bennett,  who  states  that  it  prefers 

shady  banks  overhanging  water). 

4.  HymenophyUvm  rarum,  B.  Br. 

West  (F.  of  8.  A.) :— Sir  Lowx/s  Pass  (Sdhlechter  7838). 
East,  Eaffiraria,  and  Natal  (F.  of  8.  A.). 
Transvaal :— Houtboseh,  6,800  feet  (Sohleehter,  mixed  in  his 
4758,  Lycopodium  gnidioides), 

5.  HymenophyUum  graeile,  Bory. 

Natal  (F.  of  8.  A.). 

6.  HymenophyUum  obtutum,  Hk.  ft  Am. 

West  (F.  of  8.  A.). 

7.  HymenophyUum  Uneare,  Sw* 

Transvaal: — I  have  seen  no  South  Afinoan  specimen,  bol 
Lady  Barkly  and  Bnohanan  give  **  Maeamae,  IVansfield 
Goldfields,  specimens  recently  sent  by  Mr.  Ayres." 

8.  HymenophyUum  eHiaUm,  Sw.  {  =  E.  Boryanum,  WiUd.)* 

Bachis  broadly  winged,  frond  ciliated  and  hairy.  Differs 
from  H.  obtuaum  in  having  a  broad  central  undivided 
portion  in  the  lower  pinne,  and  in  its  immersed  involucre. 

**  Zambesi  district "  (Synopsis  Filioum). 

9.  HymenophyUum  Tunbridgense,  Smith. 

West,  East,  KatTiaria,  and  Natal  (F.  of  S.  A.). 
Orange  Eiver  Colony  (T.  Cooper  1045, 1862). 


Digitized  by  Googl 


f 


SoiUh  AJficah  F§nu  and  their.  DistribtUion.  273 

10.  Trichomancs  viuscoidei,  Sw. 

Natal  (F.  of  S.  A.). 

11.  Trichomancs  dujitatum,  Sw. 

Cape  (F.  of  S.  A.). 

12.  Trichomancs  piisillum,  Sw. ;  var.  guerciJoUum,  Hk.  &  Gr. 

Nutal  (F.  of  S.  A.). 

13.  Trichomancs  pj/xidi/cnun,  Linn. 

West,  East,  Kaffraria,  and  Natal  (F.  of  S.  A.) : — Near  Umlata, 

3,700  feet  (Flanagan  2647). 
Transvaal : — Macamac  and  Pilgrim's  Rest  (McLea  &  Herb. 

Bolus  3019).    Mamotsinri  (Burtt-Davy  212). 

14.  Trichomancs  rigidimi,  Sw. 

Natal  (F.  of  S.  A.). 

Transvaal : — Drakensberg  near  Macamac  (J.  H.  McLea). 
r^Iamotsinri,  common  (Burtt-Davy  210). 

15.  Cyathca  Dregci,  Kunzo. 

Kaffiaria  and  Natal  (F.  of  S.  A.). 

Transvaal : — Magalisbergon  (Burke  ;  Zeyher  1862).  Maca- 
mac (McLea).  Iloutboschbcrg,  6,700  feet  (Schlechter 
4460).  IJarberton  Mountains  (Burlt-Bavy  329).  Kloofs 
everywhere  (Burtt-Davy  220). 

Bhodesia: — Penlialanga  (Mrs.  Bennett).  Um tali  (Holland). 
Moramljalla  ^luuntains  (Waller  ;  Livingstone;  Kirk). 

Many  new  species  of  Cyathca  have  recently  come  from 
Madagascar,  and  a  few  from  Central  Africa,  including 
C.  Thomsoni  (Bkr.  Jour.  Bot.,  1881,  180),  which  is  very 
near  C.  Dregei,  from  near  Lake  Nyassa. 

Forms  of  C,  Dregei  occur  together  in  Natal  which  are 
evidently  bat  indescribably  different. 

16.  HemMM  eapeneis,  Br. 

Weet,  East,  Eaffinuria,  and  Natal  (F.  of  S.  A.). 
Letters  froDi  Bhodesia  speak  of  a  tree-fern  with  tall,  slender 
stems,  bat  no  fertile  speoimen  has  come  to  hand. 

17.  Woodtia  Burgesiiana,  Qeittucd, 

Eaflfraria: — Eastern  Provinoe  (Lady  Barkly).  Windvogel- 
berg,  Gathoart,  Nov.,  1897  (T.  B.  Sim).  Near  Ugie, 
5,100  feet  (Flanagan  2672). 

Natal  (F.  of  8.  A.). 

Transvaal  :->(Lady  Barkly).  Hoatboschberg,  6,500  feet 
(Schleehter  4705). 

18.  Davallia  nUidula,  Eonse. 

Eaflfearia  (F.  ol  S.  A.) Egossa.  B.  Pondoland,  1899  (T.  B. 

Sim).  Port  St.  Jdms,  1896  (Flanagan  2470). 
Natal  (F.  of  S.  A.). 
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19.  DaveUUa  Spehrncce,  Baker. 

Natol  wd  ZvXnlmd  (F.  of  S.  A.). 
ThkDSTMlI Magalisburg  (Burke ;  Zeyher). 
Sehxad. 

West,  East,  KaAwria,  Natel  (F.  of  8.  A.) Port  St.  Jdim's 

(Blaiiagau  2-1G8). 
TnuwvMJ:— Houtbosdh  (Dr.  MtrnMin  5606).  Hdatiioaali- 

berg,  6,500  feet  (Schleohter  4700). 
Bhodeda:— HonMnbeUa  (Kirk). 

21.  DamUia  {Losooacaphe)  HoUandU,  Sim.  (new  8peoie8)»  PL  IV. 

Stipe  paleaoeoiiB*  6  inohee  long.  BVond  ovate-deltoid,  qoadri- 
pinnate,  thinly  eoriaoeous,  2  feet  long,  12  inoliea  wide 
below  the  middle,  rather  narrower  to  the  base  and 
gradually'  less  upward.  Baohis  brown,  fibriUoae, 
grooved.  Pinna  6  inches  long,  2  inches  wide  below, 
with  a  marginal  raohis  and  alternate  pmnnlee,  of  which 
the  lowest  is  on  the  npper  side.  Pinnoles  1  inch  long^ 
t  inch  wide,  cat  into  staUDsd  segments,  of  which  the 
nppor  are  simple  and  the  lower  S-Md.  Ultimate  seg- 
ments pointed,  2-8  lines  long,  ^  line  wide  or  less,  their 
stalks  narrower.  Segments  of  barren  fronds  blmii. 
Sori  abundant,  lateral,  short,  flattened,  one  near  the 
base  of  each  ultimate  segment;  the  involucre  scaiioas 
and  attached  at  the  base  and  sides.  A  beaulifal  lem, 
resembling  a  finely  out  Dana,  but  with  davalliiHd  son. 
WeU  worth  cultivation. 

Bhodesia Near  Umtali  (HoUand ;  Mrs.  Bennett). 

22.  CystopteriifragUUtBeinih, 

East  (F.  of  8.  A.). 

Kafi&aria  (P.  of  S.  A.)  :^Broughton,  Molteno^  6^900  feel 

(Managan  1676).  Engoobo  (Ilanagan  271(S). 
Bbodesia : — ^Lo  Magundi,  near  Hanyani  Biver  (H.  M.  Hole). 
28.  Lindiaifa  mnfoUa,  Swarts. 
Natal  (F.  of  S.  A.). 

24.  Adianhm  reni/orme.  Linn. ;  var.  aaarifoUnim,  Wind. 

Natal  (P.  of  S.  A.):— The  fertUe  specimen  in  the  Nalal 
Government  Herbarium  was  found  among  Sanderson's 
plants,  without  label. 

25.  Adkmima  eamdatum.  Linn. 

Credited  to  Gape  Colony  in  '*  Synopsis  Filionm,"  probably  in 
error. 

Transvaal  (coUeeted  by  Mr.  Todd  of  Inanda) : — ^Avoea,  Bar- 
berton  (Qalpm  1244). 
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Bhcxlesia: — Mazoc  and  Umtali  (J.  F.  Darling).  Umtali 
(Mrs.  Bennett;  Mrs.  Meikle  ;  Myh.  EickhotT;  Holland). 
Victoria  Falls  (Holland;  Richards).    Zand)esi  (Waller). 

A  form  with  \vinf;ed  petioles  and  stipes  is  mentioned  in 
"Synopsis  Filicum,"  but  is  not  recorded  here. 

26.  Adiantum  rotumlatum,  Kunze. 

Transvaal : — Wakkerstroora  (Dr.  Shaw ;  Sim  70). 

27.  Adiantum  lunulatuni,  Burm. 

Bhodesia  : — Mazoc  (J.  F.  Darling).    Victoria  Falls  (Uicliards  ; 

Holland).  Umtali  (Mrs.  Bennett).  Zambesiland  (Oates). 
A  form  with  winged  petioles  and  stipes  is  mentioned  in 

"  Synopsis  Filicum  "  as  collected  in  South  Africa  by 

Drs.  Kirk  and  Welwitsch. 

28.  Adi<i)iliiifi  Oatesii,  Baker.    South  Africa  only. 

Rhodesia : — Matabeleland  (Oates).  Lo  Magundi  (J.  F. 
Darling). 

29.  Adiantum  Cajnllus- Veneris,  Linn. 

West,  East,  Kaffraria,  Natal  (F.  of  S.  A.). 

Orange  River  Colony : — Ficksburg  (Quail). 

Rhodesia: — Mazoe  (J.  F.  Darling).  Abundant  in  every 
stream  in  the  country  (H.  M.  Hole).  Yiotoria  FftUs 
(Holland).  Umtali  (Mrs.  Bennett).  Telle  (Peters). 

Many  fonns  from  major  to  y  minor  sie  lonnd  in  all  tbese 
localities,  and  oonneol  tiiese  Taneties  by  every  possible 

,  gradaition. 

30.  Adiantum  Paradiaecef  Baker.   South  Africa  only. 

East  (F.  of  S.  A.). 

31.  Adiantum  thaUetroides,  Willd. 

West,  East  (F.  of  8.  A.). 

32.  Adiantum  athiopicum.  Linn. 

East*  Natal  (F.  of  8.  A.). 

Eaflfraria  (F.  of  8.  A.) Bankies,  Sterkstroom,  5,000  feet 
(B.  D.  Barker).  Engoobo,  1896,  3,000  feet  (Flanagan 
2780). 

Transvaal:— Biet-Tlei,  Belfast  (Burtt-Davy  1235).  Maio- 
yoni  ^urtt-Davy  215).  Haenertsberg  (Eastwood). 

Bhodesia: — Mazoe  Biver  (Holland).  Mr.  Bdmond*s  farm 
near  Salisbury  (Holland).  Matabeleland  (Oates).  Um- 
tali, in  the  hill  districts  (Mrs.  Bennett). 

33.  Adiantum  iulphuireum,  Eaulf . 

Kaffraria: — ^Dordrecht  (T.  B.  Sim).  Under  rooks  on  hills 
near  Gala,  1886,  4,000  feet  Well  dusted  on  the  under 
page  when  young ;  less  so  when  mature  (Flanagan  2838). 
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Orange  Biver  Gobny: — ^Near  Hanismiih,  nofc  OBOominon 
(J.  M.  Wood). 

34.  Adianium  hispidulum,  Sw. 

Erond  neaily  similar  to  that  of  A,  Oateiii,  bat  with  aogmante 

and  raduses  densely  pubesoent. 
Zambesiland  (Synopsis  EUictun). 

35.  LonehUis  pubueeni,  "WM. 

West,  East,  Natal  (F.  of  S.  A.). 

Eaffinria -Evelyn  Valley,  1894  (J.  Leighton).  Fondoland 

(Drtge).  Port  Si  John's  (Flanagan  2474). 
TrallSTaal^— Haenertsberg  (Eastwood). 

36.  Hypol^^  amihriaoifoUa,  BtesL 

West,  Bast»  Eaffiraria,  Natal  (B*.  of  S.  A.) Insinnka,  Port 
St  John's  (Elanagan  2477). 

87.  HypoUpU  Bergiana,  Hk. 

West  (F.  of  S.  A.) Zwaartrivler,  600  feet  (SoUechter  2875). 
East,  Kai&aria,  and  Natal  (F.  of  8.  A.). 
Transvaal  :—Manmini   (Bortt-Bavy  286).  ZambesOand 
(Synopsis  Filtomn). 

88.  HypoUpU  Sehmpai,  Sim.  (»  OheUandiM  Sehimperi,  Hk.). 

Fronds  tufted,  glabrous,  sabooriaoeous,  deltoid,  8  to  4  hiohes 
long  and  broad,  quadripinnatifid;  ultimate  segments 
linear,  entire  or  toothed.  Son  between  the  lobes,  each 
in  a  sinus.  Evidently  an  Hffpol^pit,  Aby86mia» 
Usuguru,  Shir6  Highlands,  and  Bhodesia. 

Bhodesia:— Maaoe  and  Salisbury,  1898  (J.  F.  Dading). 
Jumbo  Mine  (Holland).  Near  Fort  Salisbary,  1894, 
one  patch  only  found  (H.  M.  Hde). 

89.  CheUanthes  pfer&ides,  Sw. 

West  (F.  of  S.  A.) Probably  recorded  in  error  from  Orange 

Free  State  and  Natal. 
(For  Cheilanthfes  KirkU,  Hk.,  see  Pellaa  gennitfoUa,  var.) 

40.  CheUanthes  capensis,  Sw. 

West,  East,  Natal  (F.  of  &  A.). 

Kafifraria  :— Chumie  Forest,  Alice  (Mrs.  Young).  Dordrecht 

Kloof  (T.  K.  Sim). 
Transvaal  (Lady  Barkly). 

41.  ChsUanthcs  depatiperaki,  Baker. 

West  (F.  of  S.  A.). 

42.  Cheilanthes  hirta,  Sw. 

West,  East,  Kafifraria,  Bechuanaland,  and  Natal  (F.of  S.  A.). 
Orange  Kiver  Colony  :— Bethulie  (T.  B.  Sim). 
Transvaal:— Hotttbosoh,  5,000   feet    (Sohleohter  4401). 
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Sohweiaer  Beneke  (Bnrti-DftTy  1670).  Elim  (Sehins). 

Pilgrim's  Bert  (MeLea  40;  Bolna  1^. 
Bhodeua :— Umtali  (HEn.  Bennett). 
C.  herta,  Sw. ;  yan  fi.  coniraeta,  Ennse. 
West,  East,  Eaffinria,  Beohuanaland,  and  Natal  (F.  of  S.  A.). 
Transvaal: — Johanneebaig  (Burtt-Bavy  2122). 

43.  CheSUmOiee  pannhba,  8w. 

Wert,  EaflQnuda,  and  Natal  (F.  of  8.  A.). 
Eart  (F.  of  8.  A.)  i^rahamstovn,  Si,200  feet  (SoUeohter 
2726). 

44.  OheUanthes  mvXtifida,  Sw. 

West,  East,  Kaffiraria,  and  Natal  (F.  of  8.  A.). 

Transvaal : — Mamotsinri  (Burtt-Davy  207). 
Bhodesia  : — Zambeei  (Kirk). 
C.  mnltijida,  Sw.  ;  var.  ji.  flexa,  Kunze. 
Kafifraria :— Frankfort  HiU  (T.  B.  Sim). 
Natal : — Newcastle  (Buchanan). 
Transvaal : — Mamotsinri  (Burtt-Davy  207). 

45.  Cheilantlics  induta,  Emuse.* 

West  (F.  of  S.  A.). 

46.  CJieilanthss  BoluaU,  Baker. 

The  ty^  qpeoimen  of  this  species  in  South  Africa  is  only  one 
rather  poor  yoong  frond  in  Herb.  Bolusianum,  returned 
bom  Eew  after  Mr.  Bolus  had  lost  the  remainder  of  his 
specimens  in  the  wreck  of  the  Windsor  Castle.  The 
description  in  Ferns  of  South  Africa  "  is  therefore  from 
insoffioient  material,  but  I  have  since  had  many  speci- 
mens of  a  speeies  which  I  believe  to  be  C.  Boltisii,  and 
which  shows  a  variation  within  itself,  especially  in  con- 
nection  with  age,  which  necessitates  an  amended  de- 
scription.  This  plant  I  had  at  first  placed  under 
C.  vudtifidaf  Sw.,  var.  /3.  Jlexa,  Kunze,  but  it  is  evidently 
distinct  from  C.  rmdtifida.  Both  species  vary  in  size 
and  with  age  and  atmospheric  condition,  but  are  constant 
as  follows : — 

C/.  mnltifula,  Sw.    Frond  ol)loiif^-deltoid,  usually  twice 
as  long  as  wide,  3-4  pinnafcifid,  with  a  dark-brown 
polished  rachis. 
C.  Bolusii,  Baker.    Frond  triangular,  about  as  wide 
as  long,  4-pinnatitid ;  jiiniue  unequally  deltoid. 
Rachis  dark-brown  or  almost  black,  polished. 
In  both  species  young  fronds  arc  finely  cut  and  very  tender, 
the  segment-margins  being  reHexed,  rendering  the  seg- 
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ments  distMii  and  bead-like  during  dioo^l  or  heii 
Under  moist  oonditionB»  however,  these  ere  open,  flat^ 
and  crowded,  and  when  matnre  densely  crowded,  brown, 
and  sometimes  folly  ooeopied  with  bzown  capsoles  imder 
fringed  soarions  indnsia,  the  frond  then  having  a  toliHy 
diffiarent  appearance  from  the  delicate-green  yoong 
fronds.  In  both  species  the  indosinm  is  intra-maiginil, 
as  shown  in  "Ferns  of  Sootii  Africa,"  Plato  XXXL, 
Fig.  8,  though  in  the  revcdute  state  caused  by  dry  atmo- 
qaheric  conditions  the  green  margin  is  reflexed  over  and 
almost  or  quite  hides  the  scarions  indnshmi. 
The  Transvaal  and  Bhodesian  specimens  are  mostly  C. 
BokuU,  the  Gape  and  Natal  specimens  mostly  C,  mid' 
tifida,  Sw.,  but  each  occois  beyond  these  limits.  For 
C,  BokuH  the  following  localities  are  noted: — 
West  (F.  of  S.  A.). 

Transvaal: — ^Makapans  Poort,  4,800  feet,  immatoie 
(Schlechter  4687).   Haatboechberg,  9,000  feet, 

mature  (Schlechter  4459). 
Rhodesia : — Umtali  (Holland). 

47.  Chcilanthcs  farinosa,  Kaulf. 

Frond  deltoid  or  obloDg-deltoid,  bi-tripinnatifid,  4-8  inches 
long,  3-5  inches  wide,  sabooriaceous,  glabrous,  but 
coated  on  the  under  surface  with  white  or  yeUowish 
powder.    Africa,  Asia,  America,  and  Polynesia. 

Bhodesia: — Victoria  Falls  (fiichards;  Holland).  Matabele- 
land  (Oates). 

48.  Pellaa  aiiriculata,  Link. 

West  (F.  of  S.  A.). 

49.  PeUaa  geraiiiafolia,  F6e  (including  CJieilanthes  Kirhiit  Hk., 

which  is  only  a  cheilanthoid  condition  of  the  same  plant 
in  which  the  sori  are  not  conflaent»  and  which  condition 
it  afterwards  outgrows.) 

East,  Kaffraria,  and  Natal  (F.  of  S.  A.). 

Transvaal  (Herb.  Bolus) :— Marovuni  (Burtt-Davy  233). 

lUlodesia: — Mngama's  Poort  (J.  Fry).  In  the  walls  of  the 
temple  at  Zimbabye,  June,  1904  (Holland).  Umtali 
(Mrs.  Bennett).  Morambala  Mountains,  Zambeaia 
(Kirk). 

50.  Pcllcea  dcUoidca,  Baker,  and  PeUaa  eleltoidea,  Baker,  var.  laxa. 

West  (F.  of  S.  A.). 

51.  Pellcea  rohnsta,  Hk, 

West  (F.  of  S.  A.). 
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62.  PeUiMpeetinifonnis,  Bakflr. 
Natel  (F.  of  S.  A.). 

TransvaAl  (BoIiib): — ^Marcmmi,  dry  rocks,  not  common 

(Bnrtt-Dftvy  236). 
68.  Pettaa  lancifoUa,  Baker. 

Wert  (F.  of  S.  A.). 
64.  Pettaa  Mmanna,Bk. 

Westp  Eaet,  EaAnuna,  Naial  (F.  of  8.  A.). 
Orange  Biver  Golony : — ^Fickslmig  (Quail). 
Tranayaal:— Pilgrim's  Best,  Maoamao  Fields  (MoLea  46). 

Mamotsinri  (Bnrtt-Dayy  204).    Belfast  (Burtt-Dayy 

1238). 

Bhodesia  (Oates) :— Masoe  and  Umtali,  1892  (J.  F.  Dariing ; 

Mrs.  Bennett). 
(P.  andromedafolia,  Fto ;  see  Ferns  of  South  Africa.") 
66.  PiMaa  Bi<mni,  Hk. 

Transyaal : — Magalisbeig  (Zeyher  A  Burke). 

66.  Pellaa  Namagvensie,  Bak^. 

West  (F.  of  S.  A.). 

67.  Pellaa  involuta,  Baker. 

West,  East,  Kaffraria,  Natal  (F.  of  8.  A.). 

68.  Pellaa  Doi;inna,  Ilk. 

B^rond  simply  pinnate  or  slightly  more  divided,  oblong-lan- 
ceolate, coriaceous,  glabrous  except  the  raohis  which  is 
pubescent.  Pinnae  8-15  pairs,  2-4  inches  long,  flinch 
wide,  shortly  stalked,  rounded  at  the  base,  tapering 
above.   Midrib  black  and  polished  on  the  under  surface. 

Bhodesia: — Umtali  (Mrs.  Boanett). 

Zambesia  (Synopsis  Fihoum). 

69.  Pellaa  hastata,  Link. 

West,  East,  Kaffiraria,  Natal.   The  most  common  fern. 

Transvaal: — Johannesburg  (Burtt-Davy  2123).  Marovuni 
(Burtt-Davy  229).  Belfast  (Burtt-Davy  1245).  Barber- 
ton  Mountains,  Lomatie  Valley  (Burtt-Davy  326). 
Haenertsberg  (Eastwood). 

Bhodesia : — Salisbury  (H.  M.  Hole).  Umtali  (Mrs.  Bennett). 
Jumbo  Mine  (Holland).    Zimbabye  Buins  (Holland). 
Moramballa  Mountains  (Kirk). 
Pellaa  ha&iata.  Link. ;  var.  macrophylla. 

Common  along  with  the  type  in  all  forests. 
Pellaa  hastata^  Link. ;  var.  glauca.   (Two  forms.   One  usually 
larger,  one  constantly  small.) 

East,  Kaffiraria,  and  Natal  (F.  of  S.  A.). 
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Transvaal :— HoutboBchberg,  6,000  feet  (Schlechter  4431). 
Bhodesia: — Mazoe  and  Salisbury  (J.  F.  Darling;  H.  IL 
Hole;  Holland).   Matabeleland (Fry). 

60.  Pellaa  leucomelas,  Baker. 

Transvaal  (F.  of  S.  A.). 

61.  Pellaa  caloinelanos,  Link. 

West,  East,  KafTraria,  and  Natal : — Frequent. 
Orange  Biver  Colony: — ^Wepener  (Haiper).  Eusksbnig 
(Quail). 

Transvaal: — Magalisberg  (Zeyher;  Burke).  Shilouv&ne 
(Junod  519).  Marovuni  (Burtt-Davy  231).  Crocodile 
and  Magalics  Eivei  b  (BurU-Davy  212).  Waterval  Boven 
(Burtt-Davy  143G). 

Bhodesia  : — Matoppas,  near  grave  of  C.  J.  Rhodes  (Holland). 
Salisbury  (H.  M.  Hole).  MaUbeleland  (Fry).  Umtali 
(Mrs.  Bennett). 

62.  Pellaa  Burkeana,  Baker. 

Natal :— Eare  (Wood).   Great  Noodsberg,  Inanda,  Umpu- 

mulo  (Buchanan). 
Transvaal : — MagaHsberg  (Burke). 

Bhodesia: — Mazoe  and  Salisbury  (J.  F.  Darling).  Unitah 
(Holland  ;  Mrs.  Bennett).  Borrowdale  (11.  M.  Hole). 
A  tassclled  form  at  Salisbury  (J.  F.  Darling). 

63.  Pteris  longijolia,  Linn. 

East,  KafTraria,  Natal  (F.  of  S.  A.). 

Transvaal :— Magalisberg  (Burke).  "Macamac  (McLea).  Pre- 
toria, Aapie's  Poort  (Ur.  Rehmann  4047).  Malmanie 
Stream  (Burtt-Davy  69).  Selati  Goldtields  (Junod  104U). 

Bhodesia: — Umtali  and  Mazoe  (J.  F.  Dailiug;  Holland; 
Mrs.  Bennett). 

64.  Pteris  crelica,  Linn. 

West,  East,  KafTraria,  Natal  (F.  of  S.  A.) : — Engcobo 
(Flanagan  2721). 

Orange  River  Colony  : — Ficksburg  (Quail). 

Transvaal: — Magalisberg  (Sanderson).  Riet-vley,  Belfast 
(Burtt-Davy  1237).    Haeuertsberg  (Eastwood). 

Bhodesia: — Umtali  (Mrs.  Bennett).  Mazoe  (Holland).  Bor- 
rowdale, near  Salisbury  (H.  M.  Hole). 

A  tasselled  form  from  Upper  Umkomaas  is  In  the  Natal 
Govern  11  lent  I lei barium. 

65.  Pteris  (jjiailriii  ii)  ilu,  Retz. 

Kaffraria :  Engcobo  Mountain,  189G,  4,000  feet  (H.  G. 
Flanagan  2779). 

• 
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Natal :— Frequent.  t 
Transvaal : — ^raroviini  (Burtt-Davy  220).  Ma^'alisl^erg  (Zey- 
her).     Drakensberg,  near  Macamac  Goidtields  (J.  li. 

^^cLea  41). 

Rhodesia : — Victoria    Falls    (Richards).      Near  Salisbury 
(Holland).    Umtali  (Mrs.  Bennett).    Lo  Magundi  (J.  F. 
Dariint;). 
GG.  Pie  lis  Jli-bciiata,  Tluin. 

West,  East,  KatlVaria.  Natal : — Couuiion. 

Transvaal: — Maj^'alisbcrj^    (Zeyher;    Burke;  Sanderson). 

Zoutpaiishcrg,  3,<H)()  feet  (Schlechter  KiOO). 
Rhodesia: — Penlialaiiga  (Holland).    Unituli  (Mrs.  Bennett). 
G7.  I'trris  Jjiic/uinani,  Baker. 

West,  East,  Kaffraria,  Natal  (F.  of  S.  A.). 
G8.  PU't  is  ijici.sd,  Thun. 

West,  East,  Natal  (F.  of  S.  A.). 

69.  Ptt'ris  Injiifipes,  D.  Don. 

This  l)f'l(>ii^'s  to  the  section  Tripartita.',  in  which  the  lowest 
pinna'  are  much  larf^cr  than  the  others,  often  nearly 
equalling  the  cenlial  })ortion  of  the  tripinnate  frond. 
Baker  states  {"  New  l  erns,  Annals  of  Botany,"  vol.  v., 
1891),  "  Further  material  shows  P.  brevisora,  Baker, 
No.  39  (Synopsis  Filicum),  which  has  now  been  found 
in  Zanibesia,  to  be  only  a  variety  of  this  species,  with 
shorter  sori.** 

70.  Pteris  a  qui  Una,  Linn. 

West,  East,  Kaffraria,  Natal  (F.  of  S.  A.) : — Umgazi  River, 

Port  St.  John's  (Flanagan  2606). 
Orange  River  Colony  : — Rouxville  (Hai  pur). 
Transvaal : — Mogalisberg  (Sanderson).   Atitol  and  Barberton 

(Burtt-Davy  1899  and  256).    Shiloavane  (Jnnod 

892). 

Bhodesia: — ^Umtali  (J.  F.  Darling).  Salisbury,  common 
(H.  M.  Hole).  Near  Mount  Hampden,  a  quite  glabioua 
variety  (Holland). 

71.  Lomaria  inflexat  Knnae. 

Eaffinria  and  Natal  (F.  of  S.  A.). 

72.  Lomaria  attenuata,  Willd. 

Wert,  East,  Eaffiraria,  Natal  (F.  of  S.  A.). 

Transvaal: — Magalisberg  (Sanderson;  Bolus).  Barberton 

(Burtt-Davy  827).  Marovuni,  Mamotsinri  (Burtt-Davy 

224).  Haenertsberg  (Eastwood). 
Bhodesia : — Umtali  (J.  F.  Darling ;  Mrs.  Bennett). 

19 


Digitized  by  Google 


282    Tramaclions  of  the  South  Ajiican  riiUosophical  SoeUtff. 

73.  Lomaria  puneHiiaki,  Eimce. 

West,  East,  Eafbaiia,  Natal  (F.  of  8.  A.) Oeoige,  900  feet 
.  (Schleohter  2466). 
Var.  Athentonei,  P.  ft  B. 

East,  Eaflfraria,  Natal  (F.  of  S.  A.). 
Var.  inUrmedia,  * 

East  and  Natal  (F.  of  8.  A.). 
Var.  KrebnL 

East  and  Natal  (F.  of  8.  A.). 

74.  Lontaria  proeenit  Spreogel. 

West,  East,  Kaifraria,  and  Natal  (F.  of  8.  A.). 

75.  Lcmaria  Boryana,  Willd. 

West,  East,  Eafficaria,  and  Natal  (F.  of  8.  A.). 

Transvaal Maachsberg  to  Ftells  (Burtt-Davy  485).  Bhiloii* 

▼ane   (Jnnod  881).     Marovnni  (Burtt^Davy  394). 

Haenertsbeig  (Eastwood). 
Bhodesia  :~Umtali  (J.  F.  Darling ;  Mrs.  Bennett). 
A  form  found  at  Patillos,  Mid  Blovo,  Natal,  has  an  aniiole  or 

single  pinnule  at  the  base  of  eaeh  pnna. 

76.  Bleehmm  amtrale,  linn. 

West,  Bast,  Eafiraria,  Natal  (F.  of  8.  A.)  r^Bron^ton, 

Molteno,  6,800  feet  (Flanagan  1684). 
Orange  Biver  Colony Fieksbnig  (QnaU). 
Traosraal Magaliaberg  (8anderaon).    Maiovoni  (Bmtt- 

Dayy  221).  Haenertsberg  (Eastwood). 

77.  BUehnum  remotum,  l^nd, 

Eafl&aria  (F.  of  8.  A.). 

78.  AipUtnum  Kraiistii,  Moore. 

East,  Kafifrana,  Natal  (F.  of  8.  A.) Bngeobo  (Flanagan 
2722). 

Transvaal : — (Liady  Barkly). 

79.  Aspleiiium  Samiersoni,  Hk. 

Natal  (F.  of  S.  A.). 

Tmnsvaal :— lloutlwsch,  G.800  feet  (Schlechtor  4760). 
Bhodesia  :—Umtali  (Mrs.  Bennett).   MorambaUa  Mountains 
(WaUer). 

80.  Aspleuiuvi  trichomaiics,  Linn. 

West,  East,  Kafirana,  Natal  (F.  of  8.  A.): — ^Broughtoo, 

Moltono  (Flanagan  1677). 
Bhodesia :— Limestone  caves  at  8inoia,  Lo  Magundi,  Han- 

yani  Biver  (H.  M.  Hole). 

81.  Asplenium  ebeneum,  Ait. 

East,  Kaffraria,  Natal  (F.  of  8.  A.). 
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82.  Asplmiuin  monantheynum,  Linn. 

West,  East,  Kaffraria,  Natal  (F.  of  S.  A.) :— Biougliton, 

Molteno,  6,300  feet  (Flanagan  1G78). 
Transvaal : — Ilaenertsberf*  (Eastwood). 
Rhodesia  : — Umtali,  not  conunon  (Mrs.  Bennett). 
Specimens  from  Perie  Forest  show  upper  piunue  Dareoid. 
b3.  Asplfninin  errrlmn,  Bory. 
Var.  .\.  iiinuUttum. 

West,  East,  KutTi  ai  ia,  Natal  (F.  of  S.  A.). 

Khodesia  : — Victoria  Falls  (Holland). 
Var.  /3.  minor. 

Kaffraria  (F.  of  S.  A.). 
Var.  C.  ereetum. 

West,  East,  Kaffraria,  Natal  (F.  of  8.  A,). 

Transyaal: — Maoamao  (MoLea).   Haenertoberg  (East- 
wood). 

Bhodeofti—Umtali  (BCra.  Bennett). 
A  frond  from  Brown's  bush,  Toise  Biyer,  has  a  bud  on 
tbe  stipe  at  the  lowest  pinnule. 
Var.  D.  braehjfoHu. 

Natal  (F.  of  8.  A.). 
Var.  B.  ZeyJmi. 

Bast,  Eaffiraiia,  Natal  (F.  of  8.  A.). 
Var.  F.  loba^m. 

Bast,  Baifiraiia,  Natal  (F.  of  8.  A.). 
Transvaal:— Hontboaohberg,  6,000 feet  (8ob]eefater4466). 
Mamotsinri  (Bortt-Davy  206>  Haenertsberg  (Bast- 
wood). 

Bhodesia :~Umtali  (Holland;  Wn,  Bennett). 
84.  AtpUmvm  variam,  Hk.  A  Or. 

Bast,  Eaflhuria,  Natal  (F.  of  8.  A.). 

Bhodesia UmtaU  (J.  F.  Darling). 
86.  AipUnium  Queingianum,  Mett. 

Natal  (F.  of  8.  A.). 

86.  Atplenium  prot&nttm,  Schrad. 

West,  Bast,  Eafi&aria,  Natal  (F.  of  8.  A.). 
'  Bhodesia Umtali  (Holland ;  Mrs.  Bennett). 
A.  praienium,  8ohr. ;  var.  bipmnatifidum. 
Bast  and  Kaffiwria  (F.  of  8.  A.). 

87.  A^pknUm  amtophyUum,  Knnse. 

Bast,  KaflEcari%  Natal  (F.  of  8.  A.). 

Transvaal: — ^Houtbosoh  (Dr.  Behmann  6689).  Haenerts- 

berg  (Eastwood). 
Bhodesia:— Umtali  (J.  F.  DarUng;  Mrs.  Bennett). 
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88.  Asplenifumpriomtis,  Kuiue. 

Ba8(»  Kaffiraria,  Natal  (F.  of  8.  A.):— Port  St.  John's 
(Flanagan  2474). 

89.  AzpUniim  terra,  L.  ft  F. ;  Tar.  nakUentit, 

Natal  (F.  of  S.  A.). 

90.  Ai^leniun  gevimiferum,  Sohr. 

West,  Eaat,  Kaffiraria,  Natal  (F.  of  B.  A.). 

Transvaal :— MaioTuni  (Burtt-Davy  228). 

Bhodesia :— Umtali  (Holland;  Mrs.  Bennett). 
A,  gemmi/erum,  Schr.;  ynr,  flexuotum. 

East  and  Kaffiraria  (F.  of  S.  A.). 

Bhodesia: — ^Umtali  (Mrs.  Bennett). 
A,  gemmi/erum,  Sohr. ;  var.  dieeolor. 

West,  East,  Eaffiraiia»  Natal  (F.  of  S.  A.). 

91.  Asplenium  fdUatum,  Lam. 

Frond  coriaoeons,  glabrons,  12  inches  long,  4-6  inches  wide, 
simply  pinnate;  the  pinns  lobed  one-third  down  and 
the  lobes  sharply  toothed.  Zambesiland  (Sync^sis 
Filicom). 

92.  AepUnium  pimilum,  8w. 

Frond  herbaceoQs,  deltoid,  4-6  inches  long  and  wide,  sinnate 
aboye,  bipinnate  below ;  lower  pimue  most  developed  on 
the  lower  side.   Zambesiland  (Kirk). 

93.  Asplenium  Bawtom,  Baker. 

West  (F.  of  S.  A.). 

94.  A^lemum  Adiantum^igrum,  Linn.  . 

West,  East,  Kaffraria,  Natal  (F.  of  8.  A.). 
Orange  Biver  Oolony Ficksbnrg  (W.  A.  Qoail). 
Rhodesia Umtali  (J.  F.  Darling). 

95.  Asplenium  solidum,  Eunze. 

West,  Bast,  Kafl&aria,  Natal  (F.  of  8.  A.). 

96.  A^lenium  cuneatmn,  Lam. 

East,  Kaffraria,  Natal  (F.  of  S.  A.). 
Trjiiis\  aal     Marovuni  (Burtt-Davy  217,  239). 
Var.  B.  splcndens. 

East,  Kafi&aria,  Natal  (F.  of  8.  A.). 
Var.  C.  angmtatuvi. 
East  (F.  of  S.  A.). 

97.  Asplenium  furcatum,  Thun. 

(Baker  now  states  that  an  earlier  name  is  A.pramonum,  Sw.) 
West,  East,  Kaffraria,  Natal  (F.  of  S.  A.)  :~George,  900  feet 

(Schlechter  2364). 
Transvaal: — Magalisberg  (Sanderson).   Mamotsinri  (Bortt- 
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Davy  211).  Crocodile  and  Magalies  Bivers  (Burtt- 
Davy  199).    Ilaonertsber^  (Hastwood). 

Bhodesia: — Salisl)uiy  (J.  F.  Darling).    Borrowdale  (H.  M. 
Hole).    Umtali  (Holland  ;  Mrs.  Bennefct). 
A.  jurcatum,  Tliun.  ;  var.  iripinnattun. 

East,  Kaffraria,  Natal  (F.  of  S.  A.). 

Transvaal: — Barherton  ^rountaiiis  (Hurtt  Davy  330j.  Mamot- 

sinri  and  Marovuni  (  Burtt-Davy  208,  216). 
Rhodesia  : — Umtali  (J.  F.  Darling ;  Mrs.  Bennett). 

98.  Asphnimti  cicnlariitm,  Swartz. 

Khodesia Umtali  (J.  F.  Darling,  iSlrs.  Bunuott). 
Var.  Abyssiiucum,  Fee. 

Transvaal : — Magalisberg  (Saudersou). 

99.  Aspleninvi  Mantiii,  Ilk. 

A  small,  thinly  herbaceous  darcoid  species,  with  deltoid-lanceo- 
late fronds  1-2  inches  long,  the  upper  pinnse  simple,  the 
lower  dichotomously  forked.  Zambesia  (Synopsis Eilicum). 

100.  Asplcnium  Dregcanum,  Kunzo. 

Kaffraria  and  Natal  (F.  of  S.  A.)  :— Port  St.  John's,  1,200  feet 

(Flanagan  2472). 
Rhodesia: — Umtali  (Darling). 

101.  Asplenium  Thunbenjii,  Kunze. 

Natal  (F.  of  S.  A.). 
{Asplemumfiacoiduim,  EVwat. ;  iee  F.  of  8.  A.) 

102.  Asplenkm  nUafoUimt  Eunze. 

East,  Wost,  Eaftaria,  Natal : — ^Frequent. 

TnoiSYaal: — Hontboseb  (Dr.  Behmann  5684).  HoatboBoh- 
berg,  6,000  feet  (Sehleohter  4463).  MaroYimi  (Bartt- 
Davy  237).   Haenertsberg  (Eastwood). 

Rhodesia: — ^Umtali  (Holland ;  Ifos.  Bennett). 

103.  AspUnium  filix'fcmina,  Berah. 

Natal  (F.  of  S.  A.). 

Rhodesia: — ^Penhalanga  Forest  (Mrs.  Bennett).  Umtali 
(Holland). 

104.  AspUnium  Sch/ 111 I  if  A.  Br, 

Kaffraria : — Ghnmie  (Mrs.  Young). 

Natal  (F.  of  S.  A.).  . 

Rhodesia : — Salisbury  (J.  F.  Darling). 

105.  Asplenium  atpidioide8,B6bl. 

Bast,  Kaffraria*  Natal  (F.  of  S.  A.). 
Transvaal : — ^Haenertsberg  (Eastwood). 
Rhodesia : — Umtali  (Darling ;  Holland). 
{Asplenium  polypodioide$t  Mett. ;  see  F.  of  S.  A.). 
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106.  Actiniopteri^  rtifliata,  Link. 

Oriqualand  iind  Bechuanahiiul  (F.  of  S.  A.). 

Transvaal  :--Magalisberg  (Burke  &  Zeyher  582;  Todd; 
Zeyher  No.  1874).  Limpopo  (H.  M.  Barber).  Me«r 
Eureka  City,  Barberton  (Dr.  Vowel  1888). 

Rhodesia :— Devil's  Kantour,  Tati  (J.  Fry  1887).  Saliiblliy 
(Darling).  Fairly  common,  Salisbury  and  BunrowU) 
(II.  M.  Hole).    Umtali  (Mrs.  Bennett). 

107.  Didymoehlana  lunuiatat  Desv. 

Natal  (F.  of  S.  A.). 
Bbodesia : — Umtali  (Mrs.  Bennett). 
106.  A^ndium  aeukaiim,  8w. ;  var.  pungent. 

East,  West,  Eaffinria,  Nstd Abondtiit  vwrywhan, 
Oiuiga  Bim  Colony : — ^Fidnbaig  (Qiuul). 
BhodMda Umtali  (HoUand ;  llfs.  Baonetl). 

109.  Atpidium  luctmtum,  Kunae. 

East,  Kaffiraria,  Natal  (F.  of  8.  A.) :— Engoobo  Mountaia 
(Flanagan  2781). 

110.  Atpidium  eaptntt,  WiUd. 

West,  East,  Eaffinuria,  Natal  (F.  of  6.  A.). 

111.  Atpiditm  arittaUm,  8w. 

Kaffiraria  and  Natal  (F.  of  8.  A.). 

Transyaal Maoamae  Gold  Fields  (J.  H.  MeLea,  Na  7). 

Zambesia:— (f%l0  Kohn,  FQioes  Afrieanc,  900.) 

112.  Atpidium  Maeleaii,  Baker. 

Kaffiraria Basija,  Transkei  (Bev.  R  Banr ;  ICaoOwan). 
Transvaal:— Wet  kloofs,  Pil^im's  Best,  Brnkwisbezg  (J.  H. 

MoLea,  Na  34;  Herb.  Bdas  8030).  Maoamao  (Ayres, 

Bnofaanan's  List,  No.  8,  p.  80). 
118.  Atpidium  fakatum,  8w. 

East,  Kaffiraria*  Natal  (F.  of  8.  A.) Gbenkwe  Mofontain, 

near  Umtata,  4,000  feet  (Flanagan  2648). 
Transvaal : — ^Maoamao  (MoLea,  No.  6). 

114.  Ntphrodium  patent,  Desv. 

DiflFers  from  the  oommon  N,  Bergiannm  in  the  km&e  pnuM 
being  not  reduced.  Zambeeihu:id(8ynopsbFilienm  263). 

115.  Nephfodium  aUnhpunetatum,  Desv. 

Natal  (F.  of  8.  A.). 

Bhodesia Bonrowdale  (H.  M.  Hole).  8alisbiiry  (Holland; 
Dariing).  Umtali  (Mis.  Bennett,  who  states  that  H  it 
soented). 

(Baker  now  states  that  its  oldest  name  is  Polffpodimn  peeii' 
mUum,  Forsk.) 
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116.  Nephrodium  Zambesiacmn,  Baker  ("  New  Ferns,"  p.  58). 

Fronds  bipinnate,  large,  somewhat  hairy.  Lower  pinnae  not 
reduced,  12  inches  long,  1^  inches  wide.  Segments 
distinct,  narrow,  entire.   Yeinlets  numerous,  simple. 

Zambesi  highlands  (Buchantm). 

117.  Nephrodium  Berffianunit  Bkr. 

East,  West,  KaAmift,  Nftlal : — Abnndani 
TraDBvaal: — ^Elim  (Dr.  Huib  Sidiins).  SbilouTane  (Junod 
660). 

Bhodesta  :-^T7mtaU  (J.  F.  Darling).  Peahalanga  (Mrs.  Ben- 
nett ;  Holland).  Victoria  Falls  (Biebards). 

118.  NephrodUm  ntauriHanum,  Eto. 

EafiEraria  and  Natal  (F.  of  S.  A.). 

Bbodesia: — Lo  Magondi  (J.  F.  Darling).  Maaoe  and  Vic- 
toria Fills  (Holland). 

119.  Nephrodium  molUt  Desv. 

Eaflfraria  and  Natal  (F.  of  S.  iL). 
Transvaal  (Buchanan ;  Lady  BarUy). 
Bhodesia: — Matabeleland  (Oatee).  Zambesia  (Kirk). 
190.  N^hrodiuM  unUum,  B.  Br. 

West,  Bast,  Eafiaria,  Natal  (F.  d  S.  A.). 
Bhodesia  :---Small  island  on  the  Zambesi  (Holland).  Zambesi 
and  lioabo  Bi?erB  (Kirk). 
N,  umivm,  R  Br. ;  yar.  propinquum, 
Zambesi  northward. 

121.  Nephrodmm  thelypterie,  DesT. 

West,  Bast,  Eaffiraiia,  Natal  (F.  of  S.  A.). 
Bhodesia : — ^Masoe  and  Umtali  (J.  F.  Darling).  Penhalanga 
(Holland).  Umtali  (Mrs.  Bennett). 

122.  Nephrodium  fiUx^nas,  Bich. ;  var.  ekmgaivm. 

West,  Bast,  Kaffiraria,  Natal  (F.  of  8.  A.)  :--Bnnighton,  Mol- 

teno  (Flanagan  1682). 
Orange  Biyer  Colony  :~Ficksbiirg  (Quail). 
Transvaal; — ^Macamao  (McLea).    Manmmi  (Burtt-Davy 

227). 

Bhodesia : — ^Umtali  and  Lo  Mognndi,  9  feet  high  (Darling). 
Umtali  (Mrs.  Bennett). 

Without  having  seen  the  forms  connecting  this  with  the 
normal  NfiliiD-mas  I  cannot  say  that  it  does  not  belong 
there,  but  as  a  South  African  fern  it  belongs  to  a 
different  group — that  of  N  spinuloium — and  I  con- 
sider the  name  N  eUmgatum,  Hk.  ft  Gr.,  ought  to 
be  restored. 
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128.  Nepkrodiim  tmaqiuUs,  Hk, 

West,  East,  E&frariA,  Natal  (F.  of  S.  A.). 
Bhodeaia:— Lo   Magandi  (Darling).     Umtati  (HoUaod). 
Moramballa  Mountaiiia  (Euk). 

124.  Nepkrodium  athamantmm,  Hk. 

Eaffiraria  and  Natal  <F.  of  8.  A.). 

Transvaal Maeamao  (MoLea).  MagalUbergen  (flaoder- 
sod).  Shi]oavane'(Jiiiiod896).  llarovuni,  nxe  (Burtt- 
Davy  219).   Belfast  (Burtt-Davy  1987). 

Rhodesia  Near  the  Jumbo  Mine  (Holland).  Umtali  (Mrs. 
Bennett). 

125.  N^hrodium  Buehanam,  Baker. 

Kaflfraria  and  Natal  (P.  of  8.  A.):-^amie,  Eaforia  (Mrs. 
Yonng). 

Transvaal:— Pilgrim's  Best  (J.  H.  McLea).  Haenertsberg 
(Eastwood). 

126.  Nephndiuim  eaioptenm,  Hk. 

West,  Eaffiraria,  Natal  (F.  of  8.  A.). 

Bhodesia:— Near  Umtali,  Jnne,  1901  (Mrs.  Bennett; 
Holland). 

127.  Nephrodiwn  LatUi,  Baker  ("  New  Earns,"  p.  64). 

Fronds  large,  herbaoeons,  deoomponnd,  glabions.  Lower 
pinn»afootlong,oblong»ianoeolate;  pinndes  lanceolate, 
segments  ^  inch  wide,  oat  into  oblong  toothed  lobes. 

Zambesia :— NamnU  Mukoa  Ck>antry  (J.  T.  Last). 

128.  Nepkrodiim  crenatum,  Sim. 

Transvaal  (Bolus).   Maoamao  (Ayres). 

129.  Nepkrodium  cicutarium.  Baker. 

Bhodesia : — Moramballa  Mountains  (Kirk ;  Waller).  Umtali 
(Darling ;  Holland  ;  Mrs.  Bennett). 

130.  Nephrolepis  oordi/olia,  PresL  {^N,  tuberota,  Hk.). 

Crown  suberect,  with  numerous  long,  wiry,  or  in  places 
tuberous  rtmners,  from  which  new  plants  arise.  Frond 
1-4  feet  long,  l|-2  inches  wide,  mostly  of  equal  width, 
glabrous  except  the  rachis  which  has  numerous  white 
scales  when  young  which  become  brown  with  age  if  per- 
sistent. PiiiniP  elose,  simple,  one-third  inch  wide, 
inches  long,  slightly  orenate,  cordate  at  the  base,  aurided 
or  lobed  on  the  Uf^er  side  at  the  base,  the  auricles  over^ 
lapping  on  the  under  side  of  the  rachis.  Sori  half-way 
between  the  midrib  and  the  edge.  Said  by  Baker  to 
differ  from  .V.  cxaltata  by  its  narrower  frond,  dose  bluot 
pinnn  and  submedial  sori. 
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Bhodesia UmtaU  (J.  F.  DwliDg  20).  YiotoriA  lUls 
(Rioharcte;  Hdknd).  Matabelelaiid  (Oates). 

131.  Nepkrolepis  exaltaia,  Sohott. 

The  diffacenoe  between  this  and  N,  cordifolia  are  mentioned 
under  that  speoieB,  bat  I  lail  to  diBtingnieh  the  two  as 
speeies  either  in  the  few  wild  SQpeountfiB  or  in  onltiTation 
in  Natal.  Several  eoltural  forms  are  in  ooltiyation,  and 
it  seems  not  improbable  that  the  specimen  in  Natal 
Government  Herbarinm,  No.  7581,  from  Lower  Urn' 
simknlii,  colleeted  by  Br.  Dimook  Brown  in  1897, 
was  from  an  escape,  as  no  one  else  has  found  it  in 
NataL  Bsker,  however,  indndes  both  N.  cordifolia 
Bud  N,  exaUata  among  the  ^ants  coUeoted  by  Oates 
in  Mafcabeleland. 

132.  Nephrokpi*  HttftaiOt  Sohott. 

Natal  (F.  of  a  A.). 

133.  OUandra  articulata,  Cav. 

Eaffinffia:— Port  81  John's,  1896, 100  feet  (H.  G.  Flanagan 

2471). 
Natal  (F.  of  S.  A.). 

Transvaal : — Magalisberg  (Zeyher ;  Bnrke  530). 

134.  Polypodium  jyroUfcrum,  FzesL 

Natal  (F.  of  S.  A.). 

Bhodesia  — llunyani  River,  1894  (J.  F.  Darling).  Banks  of 
Mazoe  (Ilolland).  Umtali  (Mrs.  Bennett),  with  a  frond 
4  feet  long,  6  inches  wide  below,  but  the  upper  half  with 
rather  distant  short  alteinate  pinnules  1  inch  long, 
I  inch  wide.  Nine  axils  have  buds,  some  developed 
into  fronds  1  foot  long.  Mrs.  Bennett  writes  thai  it  is  a 
lovely  drooping  fern,  and  most  effective  in  hanging 
baskets. 

135.  Polypodium  unitum,  Hk. 

Natal  (F.  of  S.  A.). 

Rhodesia : — Umtali  (Mrs.  Bennett). 

136.  Poliipodimn parvidum,'Bory. 

Fronds  subcoriaceous,  ultimately  naked,  pinnate,  4-6  inches 
long,  \  inch  wide;  pinne  1  line  wide.  Son  2-6  to  a 
pinna,  medial. 

Zambesiland  (Synopsis  Filicum). 

137.  Polt/2>odiufn  vithjare,  Linn. 

West,  East,  Kaffraria,  Natal  (F.  of  S.  A.). 

138.  Fobipodiuui  cnsifonne,  Thun. 

West,  East,  Natal  (F.  of  S.  A.). 
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189.  Pofypodum  incammt  Bwarte. 

Weei,  East,  Kafiraria,  Natal  (F.  of  a  A.) Eogodbo  (Flana- 
gan 2716). 

Transvaal  :—Maoamao  (MoLea).    Eyerywhen,  Maiofuni 

(Burti-Dayy  218). 
Bhodesia On  a  tree  in  the  temple  of  Zimbabye,  Jnne,  1904 

(Holland).   Mount  Moramballa  (Kirk). 

140.  Polypodium  phynuUodet,  lAtm. 

Natal  (F.  of  S.  A.). 

Bhodesia:— Umtali  (Mrs.  Bennett).  Zambeoa  (Kiik). 

141.  Polypodkm  Uneamt  Thnn. 

Kafi&aria  and  Natal  (F.  of  8.  A.). 
Polypodium  Unearet  Th. ;  var.  Sckraderi. 
West,  East,  Eafiaria,  Natal  (F.  of  S.  A.). 
Transvaal : — Idazo^nni  (Bnrtt-Davy  288). 

142.  Polypodium  normaUf  Don. 

Natal  (F.  of  S.  A.). 

Rhcxlesia : — Umtali  (Mrs.  Bennett). 

143.  Polffjxxlium  lanccolatum,  Linn. 

West,  East,  Kaffiraria,  Natal  (F.  of  S.  A.). 

Transvaal Marovuni  (Burtt-Davy  280).  Embabaam,  Swasi- 

land  (Burtt-Davy  27'JG). 
Bhodesia  : — Umtali  (Mrs.  Bennett).   Moramballa  Monntaina 

(Kirk  ;  Waller). 
P.  lanceolatum,  Linn. ;  var.  sinuatum. 
This  appears  from  desoription  to  ooRespond  with  the  Colum 

bian  P.  leuoosporum,  Klot. ;  see  Baker's  "  New  Ferns," 

p.  94. 

East,  Kaffnu  ia,  Natal  (F.  of  S.  A.). 

Transvaal :— Houtboschherg,  6,300  feet  (Sohleohter  4452). 

144.  Polypodium  lycopodioidt$,  Linn. 

Natal  (F.  of  S.  A.). 
P.  lycopodioides,  Linn. ;  var.  Maekenii,  Bkr. 
Natal  (F.  of  S.  A.). 

145.  Polypodium  fismm^  Baker. 

From  description  this  appears  to  me  to  be  too  near  P. 
africaniumt  the  main  difference  being  that  this  has 
ferruginous  tomentum  on  the  under  surface  of  the  fix>nd, 
while  that  of  P.  africanum  is  said  to  be  nearly  white. 
But,  as  mentioned  in  "  Ferns  of  South  Africa,"  that  of 
P.  africanum  is  at  first  rufous  and  afterwards  nearly 
white,  at  least  in  some  localities. 

Baker  includes  P.  fiuum  from  Zambesi  highlands  New 
Ferns,"  p.  90). 
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146.  Poljfpodium  tJ^neoMum,  Mali. 

Eaffinria  uid  Nfttel  (F.  of  8.  A.). 

Bhodeaia Umteli  (HdlUuid ;  Mn.  Bennett). 

147.  Poljfpodiiim  ifioideB,  Lun. 

Kftfinna  and  Netel  (F.  of  S.  A.)  :~Porl  84.  John's  (Flanagan 
9409). 

Bhodena:— Near  ICaaei  Eeed  (Holland).  Zambeeiland 
(Enk).  UmtaU  (Bfn.  Bennett). 

148.  NothoehUma  Baufsom,  Pappe. 

Wert  (F.  of  8.  A.) 

149.  Nathoehlana  itt€Bqitali$,  Ennae. 

Natal  (F.  of  8.  A.). 

Transvaal  i—Magaliflberg  (Bnrfce;  Zeyher).  Marovani 
(Bnrtt-BaTy  388).  Near  8tanderton  (Behmann  6739). 

Bbodeeia : — 8aU8biiry  (J.  F.  Darling).  Under  gzanile  roolcs 
near  8alisbiiry  (Holland). 

150.  Nothoehlana  Buohanani,  Baker. 

Eaflbaria:— Fort  81  John's,  1896  (Flanagan  2680).  Toise 

Bhrer  (0r.  Biownlee). 
Natal  (F.  of  8.  A.). 

Transvaal:— Maro?ani  (Burtt-Bavy  226). 

151.  NoihoeMana  Eeklomana,  Ennse. 

WesI,  Bask,  Eallraria,  Natal  (F.  of  8.  A.). 

Orange  Biver  Colony Fioksbnrg  (Quail). 

Transvaal  :—Magalisheig  (Buriro).    Trigardsfontoin  (Dr. 

Behmann).    Hontbosohberg,  6,800  feet  (8eh]eohter 

4704). 

152.  Oymnogramms  totta,  SohL 

West,  East,  Eaflraria,  Natal  (F.  ol  8.  A.). 

153.  Oymnogramme  eordata,  8eh]. 

West,  East,  Eaffiraria,  Natal  (F.  of  8.  A.). 

Orange  Biver  CcAaaj: — Hebrra  (Flanagan  1676). 

Transvaal: — ^Magalisbeig  (Bnrke).  Orooodile  and  Magalies 
Bivers  (Bartt-Davy  208). 

Bhodesia:— Lo  Magondi  and  Fort  8alisbury  (J.  F.  Dar- 
ling). 

G.  cordcUa,  8ohL ;  var.  namaqmimB* 
North-West  (F.  of  8.  A.). 

Bhodesia : — Common  round  8feli8biiry  (H.  M.  Hole). 
G.  cordata,  Schl. ;  var.  bipinnata. 
West  (F.  of  8.  A.). 

154.  Gifmtwgramme  leptopkyUa,  Desv. 

West  (F.  of  8.  A.). 
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155.  Gymiwgramvic  ochraeea,  FresL 

Natal  (F.  of  S.  A.). 
Transvaal  (Herb.  Bolus). 

156.  Gymnogramvie  arfjentea,  Mett. 

Natal  (F.  of  S.  A.). 

Transvaal : — Drakensberg,  near  Maoamac  Goldfields  (MeLea). 

G.  argentea,  Mett. ;  var.  aurea. 

Natal  (F.  of  S.  A.). 
Orange  River  Colony  (Buchanan). 
Transvaal : — Magalisher;:;  (J.  fi.  McLea). 
167.  Gymnogramine  Innccolata,  Hk. 

Kaffraria  and  Natal  (F.  of  S.  A.). 

Transvaal :—  (McLea).    Marovuni  (Burtt-Pavy  280). 

Rhodesia : — Umtali  (Mrs.  Bennett). 

158.  Vittaria  liiieata,  S\v. 

West,  East,  KaHVaria,  Natal  (F.  of  S.  A.) 
Rhodesia: — Zaiiilx;siland  (Synopsis  Filicum). 
(jfonot/nDnnw  (/raininea,  Schk. ;  see  ''Eerns  of  South  Afrioa.") 

159.  Acrostichum  confornic,  Sw. 

West  (F.  of  S.  A.). 

160.  AcrosticlitniL  lati/oliitmf  Swartz. 

Natal  (F.  of  S.  A.). 

Rhodesia  :  — Umtali  (Mrs.  Bennett). 

161.  Acr(h'<lichu))L  viscostim,  Swartz. 

West,  East,  Kaffraria,  Natal  (F.  of  S.  A.). 
Transvaal :— Pilgrim's  Rest  (J.  H.  McLea  54  ;  Bolus  1730). 
Marovuni,  rare  (Davy  290).    Haenertsberg  (Eastwood). 
A.  viscosum,  Sw. ;  var.  rnpcstrc 
West  and  Kafifraria  (F.  of  S.  A.). 
Transvaal : — Pilgrim's  Rest  (J.  H.  McLea). 

162.  Acrosiichinn  h>/hri(lum,  Bory. 

West,  KatVraria,  Natal  (1\  of  S.  A.). 

163.  Acrostichum  Auhertiiy  Desv. 

Natal  (F.  of  S.  A.). 

Rhodesia:    Mount  Zomba,  Zauibesia  (Ku'k). 

164.  Acrostichum  spathuiatimi,  Bory. 

Natal  (F.  of  S.  A.). 

165.  AcrosticJium  tcnui folium,  Baker. 

Kafifraria  and  Natal  (F.  of  S.  A.). 
106.  Acrostichum  puuctuitt um,  Sw. 

Fronds  pinnate,  dimorphous,  the  fertile  being  similar  to  hut 
mucli  snuiller  than  the  barren.  Barren  frond  1  '2  feet 
long,  up  to  12  inches  wide,  with  a  terminal  pinna  and  on 
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eftoh  side  1  to  8  lateral  pinne.    PiniMB  hmodoUite, 
4-9  inehes  long,  1-2  inohes  wide ;  edges  entire ;  veins 
anastomosiDg  eopiously. 
Zambesiland  (Synopeis  ElUoum). 

167.  Aeroetiehmn  HeudelotU,  Hk. 

Fronds  snbooriaceooB,  pinnate ;  (he  pinntt  of  the  fertile  frond 
narrower  than  those  of  the  barren.  iVonds  1-2  feet 
long,  6-9  inches  wide ;  pinntD  nnmeroos,  sessile,  entire, 
inch  wide ;  veins  anastomosing,  indistinct. 

Zambesiland : — ^ICanganja  (Kirk). 

168.  Aermtieimm  Linn. 

East  and  Natal  (F.  of  S.  A.). 

Transvaal : — Near  Magalisberg  (Sanderson). 

Zambesia  (Kirk).  » 

Genns  XX.X.  /).  Platycerium,  Dt  f^v.  Plant  epiphytal,  the 
barren  fronds  few,  flat  and  thalloid,  and  adpressod  to 
vrhat  tiie  plant  grows  on,  rounded  or  cordate  at  the  base, 
the  fertile  fronds  rising  from  the  sinus,  and  fresh  plants 
starting  from  roots  at  the  margin  of  the  mature  barren 
frond.  Fertile  fronds  simple  or  dichotomously  branched, 
bearing  the  sori  in  patches  on  the  back  of  the  bifurca- 
tions. Veins  an  i-^tomosing  more  or  less  in  the  fertile 
frond,  and  freely  in  the  barren  frond.  South-east  Asia 
and  Australia,  Tropical  Africa  and  South  America. 
168.  Platycerinm  alcknnir,  Desv. 

Barren  fronds  few,  3-9  inches  wide,  ronmled,  conspicuously 
veined,  those  from  overlapping  plants  forming  a  large 
thalloid  mass  1-3  feet  in  diamettT.  Fertile  fronds 
several  together,  ascending,  2  feet  long,  up  to  3  times 
dichotomously  branched,  leathery,  glabrous  above,  white 
pubescent  below.  Ultimate  segments  ^1  inch  wide, 
4-8  inches  long,  rounded  at  the  point.  Sori  in  brown 
woolly  masses  on  the  lower  surfaces  of  the  ultimate 
segments,  or  meeting  and  extending  downward  where 
they  unite.  On  iniinatuie  plants  less-divided  or  simple 
fertile  fronds  witliout  sori  occur.  P.  alcicorne  is  re- 
corded from  Australia,  Mascarenes,  Seychelles,  and 
South  America. 

Bhodesia: — Near  Massi-Kessi  (Holland).  Umtali  (Mrs. 
Bennett).  ^liss  Schultz  brought  plants  from  Umtali 
whicli  are  now  growing  in  the  Natal  l^otanic  Garden, 
Durban,  as  also  are  several  allied  forms  fiom  Madagascar. 
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170.  Todea  barbara,  Moore. 

West,  East,  Natal  (F.  of  S.  A.). 

Transvaal : — Kloof  of  Mamotaiuri  (Burit-Davy  203). 

171.  Osmunda  regnlis,  Linn. 

West,  Eiist,  Katfraria,  NaUl  (F.  of  S.  A.):— Kngoobo 

(Flanagan  2477). 
Transvaal :-  Pilgrim's  liest  (W.  Roe  ;  Bolus  1732).  Sbilou- 

vane  (Junod  516).   Hoi  oommon,  kloofs  of  mountains 

(Burtt-Davy  206). 
Bhodesia  :— Mazoe  (H.  M.  Hole).    TJmtali  (J.  P.  Darling; 

Mrs.  Bennett).     Mr.  Edmond's  farm  near  Baliabory 

(Holland). 

172.  Scltiz(ea  tenella,  Kaulf. 

West,  East,  Katlraiiii,  Natal  (F.  of  S.  A.,  except  delete 
Woud) Engcobo  Momitaiu,  1896  (Flauagau  2756). 

173.  Schi-im  pectinata.  Smith. 

West,  East,  Natal  (F.  of  S.  A.) :— Near  UmbUo  Falls 
(Wood). 

Kaffraria  :  -  Port  St.  John's,  1896  (Flanagan  2629). 

174.  Anepnia  luiiientosa,  Sw. 

Natal  (F.  of  S.  A.). 

Transvaal  : — Mr.  J.  M.  Wood  has  had  specimens  from 

Swaziland. 
176.  Aneiinia  anthriscifolia,  Schrad. 

Stipe  6  inches  long,  bearing  when  fertile  1  barren  and 
2  fertile  divisions.  On  fertile  fronds  the  biuren  segment 
is  firmly  herl)aceous,  deltoid,  5-G  inches  long,  4  5  inches 
•wide,  3-piiniate  or  3-pinnatilid,  somewhat  fibrillos6  from 
long  white  hairs ;  ultimate  segments  toothed  ;  fertile 
divisions  erect,  rigid,  ^  inch  wide,  6  inches  long  on 
3-inch  stalks,  somewhat  tomentose,  3— l-pinnate,  the 
seguieiils  luii  i'ow,  incurved  over  the  sori.  Barren  fronds 
rather  larger  tlian  the  barren  section  of  the  fertile  frond. 

This  is  included  by  Baker  as  a  form  of  A.  totnentosa,  and 
considering  the  latter  as  a  widely  distributed  and 
variable  species  it  may  be  so,  but  so  far  as  local  speci- 
mens go  this  is  sufficiently  distinct  to  rank  as  a  species 
hero. 

Transvaal Barberton  (J.  M.  Wood  7699). 
Rhodesia Near  Umtali  (Holland;  Mis.  Bennett). 
176.  Anemia  Dngeana,  Eonse. 

Kaffinm  and  Natal  (F.  of  S.  A.). 
Tranavaal:— Marovnni  (Bnrtt-Davy  222). 
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177.  Mohria  caffrorum,  Desv. 

West,  East,  Kafifraria,  Natal : — Common  (F.  of  S.  A.). 

Orange  River  Colony  : — Ficksburg  (Quail). 

Transvaal : — Magalisberg  (Zeyher).    Near  Johannesburg  (D. 

Crawford).     Riet-vlei,   Belfast,  Barberton,  Marovuni 

(Burtt-Davy  193G,  328,  and  232). 
Rhodesia  : — Umtali  (Darling  ;  Mrs.  Bennett).  Matabeleland 

(Oates).    Zambesi  highlands  (Baker,  New  Ferns,  115). 

178.  Mohria  kpujera,  Baker.    {NothochlcBna  lepigerat  Baker,  Jour. 

Bot.,  1884,  53.) 

Zambesia Mount  Dzomba,  altitude  6,000-7,000  feet  (Sir  J. 
Kirk). 

Genus  XXXV.  /3.  Lygodium,  Sw.  Stems  slender,  scandent, 
bearinf^  alternate  fronds,  which  by  being  dichotomous 
near  the  base  appear  like  two  opposite  fronds.  Capsules 
in  spikes  along  the  edges  of  ordinary'  or  niodilied  fronds 
or  part  fronds,  each  capsule  separately  in  the  axil  of  an 
almost  marginal  infolded  involucre,  the  involucre  of 
each  capsule  imbricating  over  that  next  above. 
Widely  diffused  through  Asia,  America,  Africa,  and  Austral- 
asia. 

L.  Hcamlem  : — Each  pinna  simply  pinnate. 

L.  Ker stnii I. :—Eiich  pinna  2-pinnate  or  more  divided. 

179.  Lygodiion  scaiidens,  Sw. 

Underground  stem  long,  black,  wiry,  slender,  repeatedly 
branched,  rooted  abundantly  and  clothed  with  shining 
black  lanceolate  scales.  Scandent  stems  slender,  hard, 
wiry,  glabrous,  unbranched,  many  feet  in  length,  and 
producing  alternate  glabrous  fronds,  3-6  inches  apart. 
Primary  petiole  2  lines  long,  ending  in  an  abortive  scaly 
bud,  and  bearing  two  divaricate  pinnie,  each  3  G  inches 
long  and  simply  pinnate.  Pinnules  jointed  on  to  the 
short  petioles,  variable  in  form,  1  H  inches  long, 
^1  inch  wide  below,  round(>d,  cordate,  or  lobed  at  the 
base,  and  tapering  to  the  rounded  apex.  Margin  crenu- 
late,  and  in  tlie  fertile  fronds  bearing  several  irregular 
segments  1-G  lines  long,  1-3  lines  wide,  several  or  all  of 
which  are  modified  into  capsule-bearing  spikes.  Ter- 
miiuil  pinnule  usually  forked.  This  species,  which 
occurs  in  Eastern  Asia,  East(;rn  Australia,  .Australasia, 
and  Tropical  .\frica,  has  several  forms;  our  plant  differs 
considerably  from  the  form  most  common  in  cultivation. 

Natal :— Zululand,  R.  D.  Lyle,  January,  lb99  (Wood  7335, 
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Natal  Goremment  HerbMiom  7982  and  77551).  Mapoti» 
Amatongalaod  (Forester  Sehof.  1902). 

180.  Lygodittm  KgntenU,  Knhn.  (=L,  aubuiakm,  Bojer). 

Stem  wiry,  aoandent.  Frond  glahroos,  diehotomooBlj 
branched  at  the  base,  eaeh  pinna  bipinnate  or  more 
divided;  pinnules  not  articulated,  1-3  inches  loog, 
crenate,  lobed  along  the  margin,  8-fid  or  with  large 
lobes  at  the  base.  Lower  pinnulee  8-5-lobed,  the 
central  lobe  largest.  Fertile  fronds  scarcely  diffisient 
from  the  barren,  except  that  they  bear  the  short  narrow 
spikes  all  along  the  margin. 

Madagascar  and  East  Africa. 

Rhodesia: — Mr.  Holland's  specimens  from  Waterfall  at 
Penhalanga  are  the  barren  base-£ronds  from  non-climb- 
ing stems,  and  consequently,  as  occurs  throughout 
the  genus,  lar<:;or  and  more  flabellate  than  those  which 
occur  on  the  climbing  stems.  Mrs.  Bennett  also  sends 
from  UmtaU  similar  specimens  which  she  states  have 
not  got  beyond  that  state  during  three  years*  cultivation, 
but  she  also  sends  }>eautiful  soandent  speoimenSi  fully 
fertile,  from  the  natural  habitat. 

181.  Marattia  Jraxinea,  Smith. 

"West,  East,  Kaffraria,  Natal  (F.  of  S.  A.) : — Insinuka,  Port 
St.  John's,  with  lobed  pinnules  (Flanagan  2476). 

Transvaal: — Drakensberg  (McLea).  Marovuni  (Burtt-Davy 
233).    Haenertsberg  (Eastwood). 

Bhodesia:~Umtali  (J.  F.  Darling;  Mrs.  Bennett).  Penha- 
langa (Holland). 

182.  Ophioglossum  Benjiannm,  Schl. 

R.  Schlechter,  who  collected  this  in  1S92  in  several  localities 
near  Cape  Town,  distributed  specimens,  consideriii<^  ihaE 
his  989  was  typical  O.  Bcnjianum,  Schl.,  and  that  his 
1017  and  10/38  were  a  variety  of  the  same,  wiiich  lie 
named  var.  Tlarreifauum.  The  latter,  however,  are 
Schlechteudal's  O.  liergiiunnn,  as  figured  in  Hookers 
"  Icones  Plantanini,"  Plate  2G3,  and  hy  nio  in  "Ferns 
of  South  Africa,"  Plate  143,  and  correspoiuls  with  Har- 
vey's and  Pappe's  specimens.  The  name  var.  Htirveyanum 
must  therefore  sink.  These  specimens  are  from  Table 
Mountain,  above  Orange  Kloof,  7UU  lo  1,'JUO  feet  altitude, 
and  from  moist  sandy  ground  near  Wynberg,  80  feet 
altitude,  and  Schlechter's  lOS  13  collected  at  ltammkrftftl| 
Clanwiiiiam,  in  1897}  also  belongs  to  this. 
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183.  Ophioglosswn  lusitanieumt  Linn. 

Sohlechter's  989,  mentioned  above,  does  not,  however,  belong 
k>  O.  Bergianum,  the  barren  and  fertile  fronds  being 
united  at  the  base,  and  the  barren  frond  wider  than  in 
that  species.  It  belongs  to  0.  liisitanicinn,  L.,  being 
one  of  its  smaller  varieties.  Fertile  frond  ^-li  inches 
high,  including  the  spike,  which  is  ^  inch  long,  with 
about  G  pairs  of  capsules,  and  surmounted  by  a  flattened 
leafy  point.  Barren  frond  rising  from  the  fertile  above 
the  base,  shortly  petioled,  inch  long,  2  lines  wide, 
linear-lanceolate.  Roots  few,  fleshy ;  rootstock  not 
descending.  Mediterranean,  West  Africa,  India,  Aus- 
tralia, and  New  Zealand  ;  probably  often  overlooked. 

Western  Province  : — Constantiaberg,  near  Hout  Bay,  altitude 
250  feet  (Schlechter  989). 
.184.  Ophioghsmm  nudicaide,  Linn.  f. 

Bootstock  descending,  fleshy ;  roots  numerous.  Fronds 
several,  the  barren  segment  ovate,  ^-1  inch  long,  \  inch 
wide,  shortly  stalked,  rising  from  the  lower  portion  of 
the  fertile  peduncle  which  is  1-1^  inches  lon^^,  slender, 
and  bearing  a  ^-inch  spike  of  G-7  pairs  of  capsules 
surmounted  by  a  small  acute  point. 

Differs  from  0.  vulgatum  in  its  small  size,  in  having  the 
fertile  and  sterile  segments  united  iieur  the  base,  aud  in 
the  barren  segment  being  more  distinctly  stalked. 

0.  nudicaule,  L.  til. ;  0.  ca^nse,  Bchl. ;  var.  /3.  nudicauie, 
Schl.  Adumb.  9. 

Widely  distributed  in  America,  Australia,  Asia,  and  Africa. 

Western  Province: — Lammknuil,  ClanwiUiam,  1,000  feet, 
August,  1897  (R.  Schlechter  10842). 

185.  Ophioijlvs6um  vuUjatxim,  Linn. 

West,  East,  Kaffraria,  and  Natal  (F.  of  S.  A.). 
Transvaal : — Magalisberg  (Burke). 

186.  O])hioglossiun  reticulatmn,  Lina. 

Natal  (F.  of  S.  A.). 

Bhodesia: — Zambesiland  (Kuk). 

Ebxn  Allus. 

187«  EquUetum  ramotiiimwnt  Desv. 

West,  East,  Eaffiraria,  Natal  (F.  of  S.  A.) :— Centocow,  Natftl 

Cr.  B.  Sim). 
TransTaal : — Mtaiy  looalities  (J.  Bnrtt-Davy). 
Bhodesia : — Zambesi  (Eiri^). 

20 
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188.  Lffcopodkm  eaururui.  Linn. 

West  snd  Natal  (F.  of  8.  A.). 

189.  Lycopodium  verHcUlatim,  Linn. 

Eafi&aria  and  Natal  (F,  of  S.  A.). 

Traosyaal :— Maoamao  (MoLea  81).  Honiboeoh  6,800  leek 

(Schlechter  4767). 
Rhodesia: — Umtali  (Holland). 

190.  Lycopodium  gnulioides,  Linn. 

West,  East,  Kaffiraria,  Natal  (F.  of  S.  A.). 
Transvaal: — Macamao  (MoLea).     Houtboeeh,  8,800  leet 
(Schlechter  4758). 

191.  Lycopodium  (hicriidioidcs,  Baker. 

Closely  allied  to  L.  gnidioides,  and  not  known  to  me,  bnt 
from  description  appears  to  have  simple  instead  d 
forked  spikes*  narrower  and  longer  leaves,  np  to 
f  inoh  long,  and  rather  longer  braots  than  that 
species. 

"Mountains  of  Transvaal,  Natal,  Zambesiland,  Cameroons, 
Fernando  Po,  and  St.  Thomas  "  (Baker,  "  Fern  Allies,"  . 
p.  18). 

192.  Lycopodium  cemnnm,  Linn. 

West,  East,  Kaffraria,  and  Natal  (F.of  S.  A.) :— Hilton Boad,. 

Natal  (T.  K.  Sim). 

193.  Lycopodiiim  clnvatum,  Linn. 

West,  East,  Kaffraria,  and  Natal  (F.of  S.  A.) : — Sweetwaters^ 

Natal  (T.  K.  Sim). 
Transvaal : — Macamac  (McLea).    Sable  Falls  to  Pilgrim  s 
Rest  (Rurtt-Davy  432).    Barberton  (Burtt-Davy  668). 

194.  Lycopodium  cdroluiimunn,  Linn. 

We«^t,  East,  Katfraria,  and  Natal  (E.  of  S.  A.)« 
Transvaal  : — Magalisberj*  (Burke). 

195.  Psilotum  triquetrum,  bwartz. 

Natal  (F.  of  S.  A.):— Near  Murchison,  Alfred  Ck>.  (Wood 
2429). 

196.  Selaginella  puuiila,  Spring. 

West  and  Natal  (F.  of  S.  A.). 

197.  Selaginella  riipcstris,  Spring. 

East,  Kaffraria,  Natal  (F.  of  S.  A.). 

Orange  River  Colony  : — Ficksburg  (Quail).  • 
Transvaal : — Houtboscb  (Dr.  Rehmann  5576).  MEurovnni, 

Crocodile  and  Magalies  Rivers,  and  Forbes  Beef,  Swasi- 

laud  (Burtt-Davy  14,  199,  2794). 
Rhodesia : — Near  Tette,  Zambesia  (Peters). 
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19a.  8$kigimlla  depresta,  A.  Br. 

This  18  ncyw  found  to  be  nol  imoommon  in  Natal,  growing 

alike  on  fhe  exposed  rook  bhi^mms  on  the  top  of  the 

Zw«irtkq»  and  on  the  damp  rooks  aronnd  wateilallB  and 

fcneal  streams. 
Gape  (Thnnbeig;  Hensies). 
Kafficaria:— Mount  Metoher  (T.  B.  Sim). 
NataJ  (McKen) : — ^Inanda  and  Town  Hill  (Natal  Qordrnment 

Herbarium).   Zwartkop  (Stayner).   Sweetwaters,  Bul- 

wer,  &c.  (T.  R.  Sim). 

199.  Selaginella  Kraussiana,  A.  Br. 

East,  Kafi&aria,  and  Natal  (F.  of  S.  A.). 
Transvaal : — Pilgrim's  Rest  (McLea). 
Rhodesia  :— Umtali,  1892  (J.  F.  Darling). 

200.  Sclnqinella  intcgerrima,  Spring. 

Transvaal : — Magalisberg  (SanderKm ;  see  F.  of  S.  A.). 
201*  Selaijinella  tectissinui,  Baker. 

Transvaal : — Magalisbeig  (Sanderson). 

202.  Selaginella  Cooperi,  Baker. 

Orange  River  Colony  (Cooper  1056). 

203.  Selaginella  Mackenii,  Baker. 

Natal  (F.  of  S.  A.). 

204.  Selaginella  imhricata.  Spring. 

Zambesiland  (Baker,  "Fern  Allies,"  p.  87). 

205.  Selaginella  (species). 

This  is  mentioned  in  "  Ferns  of  South  Africa/'  p.  262.  Since 
then  Mrs.  Bennett  has  sent  in  the  same  species  from  the 
same  district — Umtali — but  unfortunately  not  yet  in 
condition  for  identification. 

206.  AzoUa  jnnnata,  R.  Br. 

Cape  and  Natal  (F.  of  S.  A.). 

207.  Isoetes  natalrnsis,  Baker. 

Natal  (F.  of  S.  A.). 

208.  ■Is(it:-tcs  Wormaldii,  Sim  (New  Species),  PI.  V. 

Bootstock  3-lobed ;  leaves  50  to  70,  ligulato-tereto  or  some- 
what flattened,  9-18  inches  long,  1  line  diam.,  hardly 
narrowed  to  the  rounded  point,  flaccid,  rising  to  the 
surface,  then  floating.  No  stomata  on  the  submerged 
*  parts  ;  floating  parts  dark  green  and  grass-like.  Veins 
one  central  and  one  marginal  on  each  side  throughout. 
Membranous  leaf-base  dilated  and  its  margins  enclosing 
and  half-covering  the  sporange,  which  is  axillary, 
usually  produced  in  the  axil  of  every  leaf,  ^  inch  long, 


Digitized  by  Google 


300   Tratuactiofu  of  the  South  African  Philosophical  Society. 


^  inch  wide,  membTuioii8»  oontainiiig  muneroiis  idmio* 
spores  or  mkfoepores.  Mierosporee  whiter 
taberoiilar. 

In  ponds  around  Bast  London,  and  in  Ihe  Yiotoria  Ftek, 
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ON  THE  NATUBE  OF  THE  EFFECT  OF  THE  SUN-SPOT 
FEBQUENGY  ON  THE  YABIATION  OF  THE  MAO- 
NETIC  ELEMENTS  AT  THE  CAPE  OF  GOOD  HOPE. 

By  G.  H.  H.  FmoBAM,  M.A. 

(Bead  Maroh  28»  1906.) 

§  1.  The  relationship  existing  between  the  Sun-spot  Frequency  and 
the  variation  of  the  viirious  elements  of  Terrestrial  Magnetism  has  of 
late  been  much  discussed.  So  far,  however,  no  results  for  the  Cape 
of  Good  Hope  have  been  published  ;  the  following  is  an  account  of 
some  of  these  and  of  how  they  have  been  oltlained.  The  observa- 
tions upon  which  this  investigation  is  bused  are  tliose  taken  by  a 
detachment  of  the  Royal  Artillery  during  the  period  1842-1846, 
both  inclusive,  and  published  by  Sabine  in  a  series  of  volumes 
•entitled  "Magnetical  and  Meteorological  Obsen'ations,"  a  copy  of 
which  is  to  be  found  at  the  IU)yal  Observatory  (Cape). 

§  2.  Declination. 

Sabine  gives  a  table  of  figures  representing  in  Scale  Divisions  the 
mean  hourly  position  of  the  magnet  of  the  Declinometer  for  the 
period  1842-1846.  Wolf's  formula  for  associating  magnetic  quan- 
tities with  Sun-spot  Frequency  is — 

A  =  A'  +  rA" 
where  r  =  Sun-spot  Frequency. 

In  applying  Wolf's  formula  to  the  above  observations  A  is  taken 
as  the  excess  of  the  hourly  mean  over  the  montiily  mean  in  minutes 
arc  (one  sc.  div.  =  -751'). 
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Knowing  the  daily  inequality  of  the  Declination  and  the  yarious 
valnes  of  r  we  can  detennine  the  most  probable  valnee  of  the 
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1  VO 

•86 

•5 

—  'ul 

—  '64 

—  58 

  01 

•^0 

0 

•81 

ML 

D 

.CD 

•29 

•68 

—  '2o 

.,40 
—  '48 

■  o  1 

—  31 

—  6 

"1< 

A 
0 

•19 

•52 

•  Q 

IT 
/ 

•oo 

•69 

•34 

—  '18 

—  'ZZ 

—  'OU 

1  Oo 

•  00 

14 

•41 

•96 

1  i> 

Q 

O 

71 

•65 

•78 

•02 

•  ID 

—  'IH 

—  18 

.00 

•y.3 

— 1  «52 

•OO 

•56 

•74 

1.17 

•  O  1 

ol 

•75 

•73 

— -  •Oo 

0 

—  ^42 

1  ( 

14 

•50 

111 

1  U  ' 

in 

1.10 

•7-*'» 

•47 

lb 

'Z2 

^0 

—  '08 

•23 

•72 

1-0 

I  .A.1 

1  04 

11 

Oo 

■t\:> 

(k) 

21 

*  1  0 
In 

18 

V8 

o7 

•00 

•66 

122 

1  .1  Q 

1  1!> 

12 

•45 

'11 

•03 

•6!> 

•37 

•11 

•83 

•88 

•37 

•59 

•89 

•86 

13 

•19 

•71 

•71 

•61 

•11 

•31 

•75 

•83 

•34j 

•50 

•78 

•52 

14 

-  -07 

•91 

•16 

•72 

•54 

•45 

•83 

•83 

•34! 

•44 

•52 

•37 

15 

—  -39 

•33 

•43 

1^05 

MH 

•54 

1^0 

1^0 

•4'.»' 

•31 

•33 

-  01 

16 

—  -35 

•12 

•35 

1^0 

1^09 

•38 

•5 

1-33 

•31 

•31 

-03 

—  -89 

17 

—  -68 

—  -10 

•36 

1^28 

•88 

•54 

•42 

1-5 

•61: 

—  12 

—  ^59 

— M3 

18 

— 1-OG 

—  73 

—  -59 

•65 

•96 

1-02 

•33 

1^83 

126' 

—  -62 

—1-52 

-  2^21 

19 

—1-51 

-  -77 

—1-75 

•08 

•96 

1-69 

125 

217 

1-69 

—1-28 

— 8^29 

-2-96 

20 

—2-09 

— 3^89 

— 4^04 

— 1^93 

-17 

•82 

•58 

•6 

—  -27' 

—2-62 

-3-37 

2-5 

21 

— 2^1C, 

-^•61 

—2-87 

—2-46 

— 1^56 

—  ^87 

-1^0 

—  17 

— 2-13— 819 

—5-33 

-2-05 

32 

—2-29 

—2-98 

— 1-26 

—1-87 

—1-76 

~l-8» 

1-67 

—2-87. 

-^1-97 

—2-81 

-  -98 

—  -65 

—  -68 

1 

—2-24^ 

•11 

— 1'16 

-I'W 

—1-42 

— 2^88 

— 1-94| 

—  -6 

—1-89, 

—  -87 

TABLE  III. 


('line  of 
Oocxi  Hope 
Hours 
(Aairo- 


"  1 
s 

3 
4 
5 

6 
7 
8 

9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
82 
98 


_l 


i-ae— 153 

8*fi8l— l-2li 


vn. 


91--1^75  1^5 

aii    •sa  ^17 

—  -46'  2-76I— 4-0 

5 ; 


—  •36—' 

—  »— 


45 
•13, 
—  -68'  1 
—1-94  1 
—40  —1 
— 3^64  — 
,—3 -06-1  63 
'    1  •711— 7-33 


'24 
•62 
•09 
•95 
17 
35 


•24 

'28 

•01      -381-  •IS'- 
•14!—  •89|—  •35; 
•05—  ^31  —  •ll 
•31  —  ^41 


-  -27 
•56 
•61 
•87 

2-02 


—1-11 
—  -9 
— 126 
•01 
59i—  ^85 
68|— 1^01 


—8-34  — 2^61 
— 2-48^-49 

— -a*TO  —6m 


—1-69 
—1-48 

—  -37 
•57 

1-46 
•15 

—  -61 
—1^59 
— 1-81 


-  ^54 

-  •08: 

-  ^47 

-  •flS' 

-  -83 

-  -64 

-  -04 

-  -14 

-  ^14 

-  -05 
•41 
•12 

-  '11 

-  -15 
•37 

l^Ofi 
1-37 
l-Oll 


L-81 

1-  67 
•08 

-  -08 

2-  0 

-  17 

•92 
•O81 


vnL 


DC.  I  Z. 


XL  I  zn. 


—1^9 
•8 
•881 


-1' 


•as' 
•5 
10 

•17 
-3^0 
•17|— 2^83 

-  •05'— 2-67 
-1-33— 2^5 
-1  •92;— 2^17 


-2-(i7 
•25 
•67 

2^75 


—2-0 
— 2^17 
— 1^83 
—  ^5 
1^83  ^33 
3 -251  2^0 
2-671— 3-0 


I'll 


2 -SI 
•94 
1-6  I 
20  ' 
1^81 
1*26 
•09 
•12, 

—  ^76 

—  -09 
—1-28 

—  -66 

— 

—  •la 

•07 

—  •.')} 
'lit 

—  -12 
4-0 
2  37 
1-87 


2-7.^  ^52 
3  661  -1^92 
9'2»— 1^7  I 

1-62  -1-59 
1-06,—  ^22 

•41 U  -ii;- 


621 
•81 
•69| 
•(56 
•09] 
•06 
•09 
■06, 
•251 
•23 
•02, 


3  0 
2-33  — 3-251 
5 


1-04 

1-  07 

2-  11 

-93 
•78 
•19, 

•861 
•62 
•68 

•17 

•00 
03—  ^33 
'28—1-87^ 
~1^9f) 
81 


•1 


-3^91 
-4  ^22 
r25 
-1^31 
•19 


2-9»'. 
2-26, 

8^11- 

I 


314 
296 
1-7 

1-  45 
•43 

.1«18 
■  •79 
•64 
•26 
•25 
•46 
•16 
•41 
•96 
•78 
•82 
•52 
•3 
•89 

2-  04 
412 

3-  93 
2-68 

•41 
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§3.  Horigontal  Intensity. 

In  the  oase  of  the  Horusontal  Intenaity  the  figures  ghran  bj 

Sabine  represent  the  yalne  of  the  ratio      where  h  is  the  value  of 

the  Horizontal  Intensity  taking  the  lowest  hourly  mcxiu  of  that 
quantity  for  the  month  as  zero,  and  H  is  the  monthly  mean 
value  of  the  Hori/ontul  Intensity.  Knowing  II  we  can  readily 
obtain  the  daily  inequality  of  the  Horizontal  Intensity  to  which 
Wolf's  formula— 

AH  »  A'H  +  rA"H. 
is  appUoable  in  the  same  way  as  in  the  oase  of  the  DeoUnation. 


TABLE  IV. 

AH. 
Unit  ly. 


VIIL  XX. 


XL  XIL 


I  I 


7-  11  6-6— 

so'  s-a 

2 -7'—  -8 

8-  71—  a-5 
a-l—  8*6 — 

1.2  —  4-6  — 

5-  3—  va— 

6-  2j—  7-6  — 

e-s'—  8-3'^ 

7-  ar-  8-4— 

5-1  —  3-5  — 

8-  a—  2-6,— 


60  — 

2-8' 

a*2 
.41 

2-7  — 

4-  7|— 
6-7^ 

5-  6'— 
68  — 

4-8  — 

2-9  - 

^1- 


4-0  -7 
1-8  0 

•l—  W 
•6—  W 

8-5'-  2-2 
4-6—  3-8 
8'4—  7'1 
6-2—  7-7 
6-0-  61 
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TABLE  V. 
A'H. 
Unit  ly. 


OAp0of 


Hour 

!  I. 

IL 

IIL  IV. 

nomioal). 

1 

1 

1 

1 

1  0 

1-0 

L  4*8 

—  8*9— 

8-8; 

1 

•n 

4-1 

—  1-7  — 

9-0 

2 

1-6 

—  1-6 

•2  — 

4-31 

8 

4 

9-9U  1-8 

2-5'—  -3 

-  i-o;^ 

0 

a-e 

2-S 

5 

—  4-1I—  -7 

•7,_ 

4-6 

6 

—  «•! 

— 

—  S-ffl— 

6-2 

7 

—  4-2 

—  4-7 

- 

7-1 

8 

—  60 

—  5-0 

—  2-b  — 

CO 

9 

—  5-6 

—  8-8 

— 17-2U 

5-71— 

10 

5-7 

—  8-1 

—  6-7  — 

5-4 

1 1 

—  2-7 

—  I'd 

—  8-9i— 

1-8 

12 

—  21 

L.  9«l{ 

♦81- 

13 

—  -9 

4-7 

10 

5-7 

14 

•1 

1-3 

2-5 

7  0 

15 

•4 

9T 

S*4 

6-4 

- 

16 

—  1-0 

2-5 

2-5 

4-0 

17 

3-5 

31 

•8 

9f) 

18 

5-4 

6-1 

6-3 

8-9 

10 

0.2 

91 

H-'J 

9-5 

20 

4-6 

7-2 

4-3 

9-3 

21 

11 

2-1 

6-7 

7-4 

22 

—  -5 

—  1-2 

—  -4 

2-8 

28 

1 

—  10 

—  11 

-  3-1  — 

4  0 

XII. 


8*9 

5-  6 
9-0 
1-0 
10 
1*4 
1-7 

c.-a 
8-a 

7-  a 

6-  4 

8-  4 
8*6 

5-  O 

1-  8 

2-  8 
•8 

4-  7 

6-  7 

91 
8-1 

5-  3 
50 


TABLE  VL 
XJim  ly. 


0*pe  of 
Qood  Hope 
Hour 
(Astro- 
nomie&l). 


S-fMmin. 
^  0 


II.  III. 


1 
2 
8 
4 

6 

6 

< 

8 
0 

10 

11 

19 

13 
14 
15 
16 
17 
18 
19 
20 
91 
22 
23 


—  40'  19-7! 
20  10-9 

—  8*0;  -9 
—12-0  1-6 

—  7-4  -1 
24-0  l-3r 

—95-0  -7 
0    —  -7 

—  8-0  — 1»; 

—  8^_-  5.7,. 
1-0  2.3 

8-  4—  4-4 
1*0—  -91 

6-  9,—  0-3 

7-  4L-281- 
1-4  -  6'8:- 

9-  6,—  8-5  - 
•   -8— 8-6! 

8«0|—  5'9' 
14-5  —  G-2- 
20-3     0  - 

iT-r  9*' 

7-0  i-" 
90—  4-0 


b 


15-7 

11-7 
3-2 

10-0 
7-1 

-  4  -3 

7-  8 

2-1 

-  8-5 

8-  5 
45 
1-0 
1 

-  6-3 

-  6*4 

-  4-3 
1-8 

-  8*2 

-  6-1 
-28-2 

-  6*6 
1-2 
6-5 


IV, 


V.  VL 


41-7  1-4 

-6-7  10-0 

-  9-0— 16-2 
-22-2  -  26-8 

-  2-0  —15 
19*0—  5-4 

-  -8+  1-2 

-  6-7  G-0 
16-0  4-1 

-19*8, 

1-  7'  10-G 
-12-0—  2-1 

4-0,  11*8 
-12-5  28-0 
-11 -71  7-0 

-  8*81—  •7 

2-  5  — 

-  -8  — 
4*0— 

-14-0  - 


-17-0 
40-0 

80  0 
45  0 


•7 
8-6 
9*0 

21 
1-7 
1-9 

190 
22-6 


X. 

XI.  , 
1 

XII. 

2-5 

r 

— 1-4 

~  g-a 

11 

—  7-8 

6-0 

1-7 

—  2-0. 

1-4 

0 

-  1-4|. 

-  -4 

0 

•2 

-  4-9 

140 

6-6- 

-  2-8- 

•4 

7-9- 

-  5-7 

2-S 

G-9- 

-  -9 

-  80 

6-6 

1-9 

6-5 

6-9 

6-8 

2-5 

3-9 

4-3 

2-8 

—  8-7h 

-  1-6 

2*4  0 

•9 

•2 

—  4 -91 

-3 

•2 

—  2-2- 

-  1-8 

•  8-6 

7-7i 

•1 

31 

—  -G 

-  4-8- 

-  8-4 

4-2. 

71 

1*6 

•9 

9*8 

2-0 

4-4 

13-6 

9-6 

11; 

9-8 

1*8 

—  -9 

4-1 

4-3 

—  4-7 

—  2-8 

9-6 

14-9 

-10-0 
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306  Tramaciiom  of  the  South  African  PhUosophieal  SociUy. 
§4.  Easterly  and  Northerly  Componenie, 

By  the  differentiaiioxi  of  the  ordinary  trigonometrioftl  relfttkm 
hetween  Easterly  Component,  Horizontal  Intensity,  and  DeclinatioD, 
and  between  Northerly  Component,  Horisontal  Intensity,  and 
Declination,  we  have — 

AY  =  aH  sin  D  +  HoosDaD 
AX  =  aH  cos  D  -  H  sin  DAD. 

A  niontlily  meuii  value  of  D  can  be  calculated  from  tlie  recoKis 
published  by  Beattie  and  Morrison  in  the  Tkansactions  ok  the 
South  African  PHiLOsorHiCAL  Society.  We  liave  then  sullicieiit 
data  for  obtaining  the  daily  inequality  of  the  Easterly  and  the 
i^ortherly  Components  (Tables  VII.  and  X.). 
Again  we  have — 

A'T  =  A'HsinD  +  HoosDA'D 
A'X  =  A'H  008  D  '  H  sin  D A'D 

with  two  equations  of  a  Biuiiiar  nature  for  A"Y  and  A"X. 


TABLE  Vil. 
AY. 
Unit  ly. 


Omm  of 
CkwoHope 

Hours 
(Asiro- 
nomio«li. 

II. 

i 

III. 

1 

IV. 

—  ■ " 

1 

V. 

• 

1 

VI- 

VU. 

vni. 

^  +34iiiin. 

4-4 

1-0 

2-4 

2-7 

—  2i 

—  4-3 

5-7 

—  G-l> 

*  1 

8-8 

9-7 

9-3 

7-0 

—  -4 

—  1-c. 

—  3-2 

—  4-4 

8 

101 

14-7 

12-7 

6-5 

•8 

( 

1-1 

—  -8 

8 

7-2 

13 '2 

10-8 

4-7 

2-2 

1-4 

2-7 

1-6 

4 

6-8 

8-5 

6-4 

3-2 

•1 

1-4 

^  3-4 

•9 

5 

4-1 

4-7 

3-4 

1-2 

—  -9 

-  -y 

-  1-8 

—  2-4 

6 

1-9 

1-8 

1-3 

—  1-0 

-  1-8 

—  31 

-  3-1 

7 

20 

2-3 

—  -1 

—  -9 

—  1-5 

—  3-7 

—  4-7 

3-7 

8 

8-0 

1-8 

•3 

—  11 

-  2-8 

—  3-6 

—  3-9 

^  3-3 

9 

i-s;   a -6 

•9 

-  lu 

21 

—  3-6 

4-5 

2-8 

10 

2-6 

2-8 

•5 

—  -3 

-  1-0 

—  3G 

—  3-6 

2-S 

U 

1-6 

1  2-0 

2-0 

'I 

_  1-7 

—  2-0—  2-2 

—  1-9| 

18 

1-8 

8-6 

2-2 

—  -8 

-3 

IG 

„  -7 

l_  .7 

18 

•6 

i  2-8 

4-1 

3-2 

1-0 

•1  -8 

•1 

U 

0 

i  1-8 

4-3 

8-8 

•9 

0 

,     1-8  1-4 

15 

—  -3 

2-9 

3-6 

8-9 

2-0 

1-6      1-8!  8-2 

16 

—  1-6 

2-8 

8-6 

4  1 

8  0 

1-8 

,  2-3 

'  3-9 

17 

—  a-e 

1  1-8 

8-0 

61 

3-5 

2-0 

2-8 

1 

18 

—  4-8 

1-8 

1-7 

5-2 

6-9 

5-0 

6-0 

8-8 

19 

—  8-4  5-7 

-  4-5 

21 

11-5 

10-4 

1  10-8 

1    18- 1 

ao 

— 11-4.— 17  1 

—16-5 

—  8-3 

2-8 

6-3 

,  101 

1  6-7 

81 

— 18-9.— 84-6 

—22-6 

—16 -6—  4-4 

1-6 

1-9,  1-1 

83 

—2-6 

'—88*6 

—18*9 

— 150 

—  91 

—  3-7 

—  8-9 

—  6-2' 

88 

-2-8 

—11-7 

—  8-ft 

—  6-8 

—  7-2;—  5-4 

—  6*7 

9-6; 

IX. 


-  2-9 

•'^ 

ig' 
0  ! 

-  1-8- 

-  2-9!- 

-  8  0 

-  s-sl 

-  1-7 

-  l  Oi 

-  •! 

1-  7 

2-  0 
21 
21 

8-  0 

9-  81- 
12-8- 

6-l|- 

-  2-8- 

-  8-3  - 

-  8-8r 


5 
1 

91 

■s' 

0 

•s 

•G 
•5' 
111 
1-2' 

1-  5 
201 

2-  l' 
2-K 
l-8i 
1-4 
10 

•1 
1-6| 


4 
12 
12 
9 
1 


XI.  XIL 


1-  2 

7'« 

10-3 
91 
6-6 

2-  :^ 
2u 

2-  3 
4-0 
4  5 

4-  3 

5-  2 
5-4 

3-  6 
3-5 
1-9 

•f. 

-  1-G- 

-  G-2- 


-  8-3,— 11-2 
16-9[-19-6- 

-is-g— w-s- 
ii-?!— 11-4- 

-  8'al—  4-6 ■ 


4-  y 

9-8 
8-8 

5-  8 

•2-i 

1-4 
1-3 

1- i 

2-  9 

3-  5 
41 
34 

i-9 
i-t 
0 

■f 

-  8< 
-S-l 

is-t 

-134 
418 

.  ^ 
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TABLE  Vin. 

A'Y. 
Unit  ly. 


Cai>e  of 
OooaHope 
Boon 
(Astro- 
ooniiaal}. 


n. 


I  0 
1 

2 

8 

4 

6 

6 

7 

8 

9 

•  10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
23 
28 


nr. 


V. 


VI.  ,  YU. 


I 


8-2 
5*2 
S'l 
4-4 
6-8 
8*4 
0 

•8 

3 
5 

^ 

t 

3 
3 
6 
4 

—  1-8 
9 
8 

—  8-0 
I—  4-8 

8-6- 
—10-7- 
—12-1  ■ 
.—  8'9,- 


1- 
1- 
8- 
2- 
1- 


-1-t 
kl-i 
-  1-i 


V2\ 

loa 

11*8| 

s-r; 

4-4, 
1-G 
•1 

1-3 

1-  0 

2-  0 
2-4 
2-5 
4-1 
6  0 
6-3 
3  0 
1-8 

I 

-  1-8 
•6i 
-lG-6 
-23-0 
-12-8 
4-0 


1-  9 

7-  2 

8-  5 

9-  0: 
b'M 

2-  9, 
1-0 

•7! 

2 

4 


3 
•J 
5 
3 
2 
2 
4 
0 
3 
•6 
4-G 
13-9 

lie 

15-4 
18*1 


1- 
2- 
4- 
5- 
3- 
3- 
2' 


1-  4 

2-  9 

lu! 

•4 
•8- 

3-  8- 

4-  5 
4-4,- 
81 
30- 

1-;)- 

•21- 
3-9 
G-0 

7-  2 

8-  7 
'  6 


91 
51 


—  4-0— 18-1—  1-4 


1-1 
l-7i 
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§  5.   DlSCllSSlOlt  of  lu'SllltS. 

At  the  outset  it  is  well  to  observe  that  the  period  over  which  the 
observations  extend  is  unavoidahlv  Hmited.  In  dcaliii':  with  sun- 
spot  etfect  it  is  advisable  to  consider  at  least  one  eleven -year  period, 
so  that  it  is  diflicult  to  say  whether  the  various  results  I  have 
obtained  are  truly  representative  of  the  average  conditions  for  a 
whole  sun-spot  period  ;  however,  as  far  as  coniparisou  with  other 
results  of  a  similar  nature  is  possible,  they  do  not  appear  to  be 
exceptional. 

An  examination  of  the  tables  shows  that  there  is  a  marked  resem- 
blance between  the  variation  of  the  daily  inequality  A  and  A'-  This 
resemblance  is  noticeable  in  all  the  elements  considered.  On  the 
other  hand  A"  shows  very  great  irregularity.  This  may  possibly  be 
in  part  due  to  the  shortness  of  the  period  under  consideration. 
Chree,  in  Phil.  Trans,  of  the  lioyal  Society  of  London,  points  out 
that  there  are  two  maxima  and  minima  in  the  daily  inequality  of  the 
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dedmation  at  Ealmoath  and  Eew.  Sohmidt's  zesolts  (Aibhir.  d« 
Erdmagnetismus  Heft  I.)  show  that  there  are  two  maxima  and  minima 
in  the  values  of  AD  for  a  period  oorresponding  to  tiiiat  with  which  ne 
are  dealing  at  Toronto,  Hobarton,  and  St.  Helena.  In  this  respect 
the  Gape  is  no  exception,  as  similar  maxima  and  minima  are  veadOy 
observed  in  the  case  of  the  Declination  results.  The  figures  for  the 
Horizontal  Intensity,  obtained  from  the  same  sonroes,  also  show 
agreement. 

Consider  tbe  value  of  the  ratio  ^  for  each  mouth,  where  b  is  the 

arithmetio  mean  of  the  quantities  A"  for  the  month,  and  a  is  the 
arithmetic  mean  of  A'  for  the  same  month.  For  purposes  of  com- 
parison I  have  calculated  from  Schmidt  (Arohiv.  des  ErcL  Heft  I.) 
the  value  of  the  ratio  for  Declination  and  Horizontal  Intensity  for 
stations,  Hobarton,  Toronto,  and  St.  Helena,  and  have  ooUeeted 
corresponding  results  from  Chree  (Phil.  Trans.  [A] ,  vol.  90S).  The 
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•46 


•68 
•48 
•54 

•40 
-50 
•62 

1-07 


•78 

•85 
78  1-06 
65  •56; 


97! -71  ^77 


•67 


7  O 


•80! 

-40 
-58 
•97 

•10 


1 -09  3 -08 
I 


71 
•46 
-74 

•57 
•77 
•41 


•82, 
•60 
•74 
•78 
•84 


•68 

•25 
•23 
•56 

•8C 
•35 


•96 

•55 
•67 
•86 

•55 
•78 


•40  1-01 
•52  70 

I 


I 


•60;  -66 
■69!  -75 
•961  -60 
•981  -70 

•52  1-29 
•181  -76 


latter,  however,  do  not  lend  themselves  so  well  to  purposes  of  oom* 
parison  with  Cape  results,  as  they  refer  to  a  period  which  does  not 
correspond  to  that  with  which  we  are  dealing.  In  tbe  case  of 
Deolination  at  the  Cape  and  St.  Helena  agreement  is  very  con- 
spicuous.  For  nearly  the  whole  mean  year  ^  increases  or  decreases 

together  at  the  two  stations. 

The  seasonal  vahics  of  the  ratio  show  excellent  agreement  for  the 
stations  under  consideration.  We.  see  from  the  figures  that  the 
mfti^imnm  value  occurs  in  winter.   In  the  case  of  the  I>eolinatioii 
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the  only  ezoeptiiai  ie  Eafbannenbiiig,  whero  it  is  a  mmrimnni  in 
the  Eqninox.  Batavia  and  Mauritius  are  exceptions  as  far  as  the 
Yalne  of  the  zatio  for  Hozixontal  force  is  oonoemed.  There  may 
poasihly  be  some  explanation  of  these  three  eases  other  than  that 


Hobarton. 

Toronto. 

St.  Helen*. 

D. 

H. 

n. 

H. 

D.    i  H. 

IX 

H. 

1-14 

1^ 

•47 

•9 

•87 

1-3 

106 

•8 

1*58 

"68 

1-8 

1-00 

I'd  1  l-SS 

lO 

1-42 

1-4 

•50 

•37 

•9 

•68 

•7 

Winter 

Equinox 


K&tharinenburg 
D.     I  H. 


Pawlow&h. 


Batavia. 


•49 

•61 

•68 


I 


•88 
1-80 

115 


•53 
1*89 

•68 


•71 
1*88 
•94 


^9 
•69 

•61 


Mauritiiu. 


•88 
•78 

•78 


D. 

•89 

•71 

•68 

•66 

-80 


•60 


the  maximiim  sunnspot  inflaenoe  oocnrs  at  different  seasons  at 
these  stations. 

In  conclusion,  I  wish  to  record  my  thanks  to  Prof.  Beattie  for  his 
many  valuable  suggestions  and  kind  encouragement  while  this 
inyestigation  was  in  progress. 
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THE  BXPBE88ION  OF  CERTAIN  SYMMBTBIC  FUNCTIONS 
AS  AN  AOGBEGATE  OF  FRACTIONS. 

By  Thomas  Mum,  LL.D. 

(Read  May  80, 1906.) 

1.  In  the  Nouv.  Amialcs  Jc  Matk.,  xv.,  pp.  86  91,  the  following 
theorem  is  enunciated  by  £.Prouhet,  namely,  Si  a,  b,  c,      f,  g, 
1  sont  n  quantiUs  inigales  et  raeines  de  Viquation  (/»(x)sO,  la  somme 
det  produits  de  ces  racines  prises  mdm  sera  6gale  d 

Though  not  so  stated,  it  is  evidently  intended  that  the  elements 
a,  c,  ...,/,  are  m  in  number.  Further,  in  the  original  there  is 
a  misprint  of  an  Z  for  a  6  in  the  numerator  of  the  fraction,  but  it  is 
otherwise  dear  that  by  (a  -Q"(a-c)^..  (f-g)*  is  meant  the  product 
which  Sylvester  used  to  denote  by  4^(a,  d,  c, ...,/,  g\ 

It  is  also  important  to  note  that  ^'(a).^'(6) ...  ^'^)  is  exactly 
divisible  by  ^(a,  6,  c,  /,  g)t  the  quotient  being  the  product  of 
m(fi~m)  binomial  factors,  namely,  the  binomials  got  by  subtracting 
from  each  of  the  elements  a,  c,  each  of  the  9t->9»  elements 
h,      I,   Thus,  when  n=4  and  m=3,  tiie  identity  is 

o4e+aM+««i+6ei=   ^ - ^^-J)^^^,+^„ _ c] "(b^nu  - c, 

(fed-  h^c'd' 
(a  -  ^)  (c  -  b)       b)    (6  -  a)  (c  -  tt)  {d  -  a)' 

The  object  of  the  pre^^ent  note  is  to  point  out  that  the  property  is 
not  confined  to  the  simple  symmetric  functions  iItT,  ^h,  lahc,  ... 
and  especially  that,  as  a  consequence  of  this,  when  the  number  of 
elements  is  even  we  obtain  a  generalisation  of  Jacobi's  theorem 
regarding  the  difference-product. 
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2.  The  reenlt  depends  on  Laplace's  ezpansioa-tiieocem  in  

minants  and  on  Ganchy's  (heozem  that  the  qnotient  obAainai  oo 
dividing  jo?  ...  by  la?  al ...  is  a  symmefacio  fnnekioD  ol 
a„  a„      a..  Thus 


a    a*  a5 
b 
e 

d  d9 
e        e9  ifi 


65  b^l 


-  a4*<c4.4*(a,6,c);^(f7,c)  +  a4W4.4:*(a,6/l)^«*«) 


and  dividing  both  sides  by  i^{a,btC,d,e)  we  have 


2a'bode-:&a'b^*'B 


+ 
+ 


-e).(6 

(a 

-c)  (a 

The  general  lonn  of  the  initiating  altecnant  is 
When  B  is  less  than  m  we  obtain  snoh  results  as 


(a-d)  {a-e) .  (6 - (6-e) .  (c-d) 
0-2   

3.  Taking  now  an  even -ordered  alternant  of  the  form 

<if>b»tfdr*'^f*' ...  I 


and  expressing  it  in  teruib  ol  two-hne  minors,  we  have  in  the  case 
of  the  sixth  order 

I  a  a'  a'**  a'  oT*-" 
1   b  if  If*'   h'  f*'] 


1   c  c' 


1    d  r/'+' 
lee    e'"    e'  e*^' 


-aV.^(a.c).  {ft^i^.m^O-^C**/)  -  ^^'.^(M.C^C^*/)  +   \ 

+   
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-  4:*(a,6) .  ^(c^) .  ^(rf/) .  { a'6*c  V  +   [ 


1  a'd'  fl^f  j 

1  <r 


where  •  .  is  auy  oue  of  the  fifteen  terms  of  the- 

Pfamao 

\b—a   c—a   d  —  a    e—a  /—a 
c— 6  d—b  e—b  f—b 
d—c   e—c  f-c 
e-.d  f-d 
/-« 

When  rss2  and  «s4  this  degenentes  into  Jftoobi's  theorem  regard- 
ing the  diflerenoe^rodnct. 
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OBSBBYATIOKS  ON  THE  FUNCTION  OF  THE  BTHEBEAE» 
OILS  OF  XBEOPHYTIC  PLANTS. 

Bt  B.  Mablotb,  Ph.D. 
(Bead  Maioh  80, 1906.) 

It  is  well  known  that  aroraatio  sabetazkoes  are  widely  distributed 
in  the  yegetable  kingdom,  for  they  ocour  in  roots  as  well  as  in  stems, 
learee,  and  flowers.  The  scents  of  flowers  evidently  serve  other 
purposes  than  those  of  the  vegetative  organs,  for  they  set  as  an 
attraction  to  insects,  which  assist  the  plants  in  the  process  oi 
pollination.  Especially  nocturnal  inseots  are  guided  in  this  way  to 
the  nectar  stored  lor  them  in  the  flowers,  and  it  is  lor  this  reason 
that  many  flowers  exhale  their  sweet  perfumes  only  at  night- 
time. 

My  remarks  shall  be  confined,  however,  to  another  class  of 
ethereal  oils,  viz.,  those  oocarring  in  the  leayes  of  plants.  They 
are  found  in  almost  srery  natural  order,  and  in  some  of  them 
their  occurrence  is  universal.  Consequently  the  function  of  these 
essential  oils  has  been  often  discussed,  although  few  e:q>eriment» 
only  have  been  made  to  ascertain  their  use. 

In  the  earlier  part  of  the  last  century  these  oils  \Yore  often  looked 
upon  as  mere  waste  products  or  excretions,  which  had  to  be  reinoved 
from  the  body  of  the  plant  not  only  as  useless  but  even  as  injurious 
to  its  owti  well-being.  In  modern  times  two  views  are  held  with 
regard  to  their  function.  One  regards  these  aromatic  substances  as 
means  of  protection  of  the  plants  against  animals,  which  are  thereby 
deterred  from  feeding  upon  them.  There  can  be  no  doubt  that  in 
many  cases  protection  is  obtained  in  this  way,  not  only  against 
grazing  animals  but  especially  also  against  the  attacks  by  larvie  of 
insects,  such  as  butterflies  or  moths,  and  the  snails  and  slugs. 

One  has  to  distinguish,  however,  between  plants  that  possess 
special  internal  reservoirs  for  storing  the  essential  oil  within  their 

22 
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tisBoes  and  sooh  whioh  seoiBte  them  by  special  organs  on  tliair 
smfaoe.  In  the  fonner  case,  for  whioh  tiie  orange  and  lemon,  the 
parsley  and  celery,  the  laurel  and  the  eaoalyptas  are  well-known 
examples,  there  is  hardly  any  difEsrence  of  opinion  with  regard  to 
the  protectiYe  Talne  of  these  oils,  althongh  authors,  when  dealing 
with  the  second  groap  of  plants,  haye  not  always  been  oarefol 
enough  to  discriminate  properly  between  them. 

Of  special  importance  in  conneotlon  with  this  question  am  llie 
experiments  on  snails  and  shigs  by  StahL*  He  proved,  fairly 
oonbhisifdlyi  tiiat  many  plants  whioh  were  not  injured  by  snailab 
althou^  the  latter  had  no  other  food,  were  dsyoured  by  them 
eagerly  when  the  essential  oils  had  been  extracted  by  means  cl 
aloohd  or  by  drying.  In  the  latter  case  the  leaves  had  to  be  soaked 
in  water  before  being  offered  to  the  snails.  Stahl  extended  his 
experiments  also  to  plants  of  the  second  gronp  with  identical  results, 
but  here  his  conclusions  have  not  been  accepted  so  generally,  owing 
to  another  very  ingenious  explanation  of  the  function  of  these  oils. 
Plants  belonging  to  this  group  are  particularly  numerous  in  the 
order  Labiat^e ;  the  thyme,  peppermint,  sage,  rosemary,  and  our 
own  wild  dagga  (Leonoiia  Leonurut,  B.Br.)  being  kmiliar  eramplea 
of  this  order. 

This  other  theory  is  based  upon  the  famous  experiments  of  John 
Tyndall  with  regard  to  the  influence  whioh  the  vapours  of  esMntiel 
oils  have  on  the  diathermancy  of  the  air  in  which  they  occur. 
Tyndall  f  found  that  when  heat-rays  have  to  pass  through  such  m 
mixture,  a  much  larger  propodaum  of  them  is  absorbed  than  when 
they  are  passing  through  air  alone,  and  that  consequently  an  object 
enveloped  by  such  a  mixture  of  air  and  ethereal  oil  vapours  would  be 
less  heated  than  when  surrounded  by  air  only.  He  filled  a  tube 
with  a  dried  aromatic  herb,  such  as  peppermint,  passed  a  slow 
current  of  air  through  the  tube  and  examined  this  mixture  of  air  and 
vapour  in  another  tube  with  regard  to  its  permeability  for  heat-rays. 
He  found  that  air  with  the  vapour  of  lavender  gave  an  absorption 
of  heat  32  times  as  great  as  that  of  air  alone,  thyme  33,  peppermint 
-84,  and  wormwood  41  times. 

When  he  employed  the  essential  oils  instead  of  the  herbs  by 
placing  bibulous  paper  saturated  with  the  oil  into  his  first  tube,  he 
obtained  much  larger  figures,  for  lavender  oil  gave  60,  thyme  74,  and 
oil  of  aniseed  even  372. 

When  these  observations  became  known  to  biologists,  they 

*  Stahl,  B.,  "  Pflanxen  und  Schnecken,'*  J«»,  1888. 

t  TyndaU,  John,  **Bmi  (knuldaMd  m  a  ICodft  of  Ifotion,"  London,  1868^ 
p.  860. 
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'fbooght  that  they  bad  found  an  exoaUent  explanation  of  the  very 
oommon  and  general  oooarrenoe  of  aromatic  plante  in  dry  climates. 
It  is  a  well-known  fact  that  many  plants  of  desert  regions  sre 
strongly  scented,  agreeably  or  not  witb  regard  to  our  own  olfactory 
organs  as  tbe  case  may  be.  It  was  thought  that  these  planto, 
by  snnonnding  themselyes  with  an  atmosphere  of  aromatic  raponr, 
were  able  to  guard  off  a  portion  of  the  heat  of  the  sun's  rays  and 
that  in  this  way  their  transpiration  would  be  kept  down  con- 
siderably. 

It  must  not  be  thought  that  the  expression  of  this  view  b  of 
isolated  occurrence.  On  the  contrary,  several  of  our  foremost 
biologists  and  phyto-geographers  have  accepted  it.  Haberlandt,  in 
his  "Fhysiologi(»l  Anatomy  of  Plants,"  looks  upon  Tyndall's 
experiments  as  quite  condusiye;  VolkeDs,  Drude,  Wanning,  and 
others  share  his  Tiews,  and  MaoMillan,*  in  "  Minnesote  Plant- 
life,"  adopto  the  same,  as  the  following  passsge  will  show:  "  Many 
desert  plants  we  know  by  their  pungent  odour,  0^.,  wormwoods  and 
sage-bushes.  It  has  been  shown  that  the  vapour  of  the  ethereal  oils 
existing  in  such  plants,  when  commingled  with  the  atmosphere, 
reduces  its  permeability  to  heat,  and  thus  the  constant  exhalation 
of  perfume  from  the  body  of  a  wormwood  is  to  be  regarded  as  a 
device  for  tempering  the  heat  of  tbe  sun." 

On  the  other  hand  I  must  not  omit  to  state  that,  as  far  as  I  haye 
been  able  to  ascertain,  Tyndall  himself  never  interpreted  his  resulto 
in  this  way,  and  that  consequently  the  designation  of  this  hypothesis 
as  **  Tyndall's  theory "  places  the  responsibility  on  the  wrong 
person. 

Some  authors,  however,  did  not  accept  this  explanation,  although, 

of  course,  it  would  have  been  very  diflficult  to  disprove  it.  Becently, 
Detto,f  a  pupil  of  Stahl,  has  repeated  the  experiments  with  snails 
and  slugs  in  various  ways,  and  has  arrived  at  the  conclusion  that 
the  function  of  these  oils  of  exogenous  or  superticial  origin  is  the 
same  as  that  of  the  internally  storetl  oils,  i.e.,  that  they  are  means  of 
pmt^ction  of  the  plants  against  injuries  by  animals.  *'  I  do  not 
til  ink  that  this  property  of  essential  oils  (vi>;.,  their  diathermancy) 
is  of  greater  importance  to  the  life  of  the  plant  as,  e.g,,  their  colour, 
their  density,  or  their  action  on  the  polarised  light." 

I  may  say  that  I  have  arrived  at  the  same  conclusion,  principally 
on  account  of  observations  made  during  the  last  twenty  years  in 
various  parts  of  South  Africa. 

•  MacMiUan,  "  Minnesota  Plant-life,"  Report  of  the  Survey,  1899,  467. 
f  Detto,  Carl,  '*  Uebec  die  Bedeutang  dar  ithAciiohen  Oele  bei  Xncophyten," 
Hiinohen,  1908. 
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If  the  production  of  a  diathermaaic  atmosphere  around  the  plants^ 
would  be  the  principal  function  of  the  ethereal  oils,  one  should 
•zpeot  that  the  intensity  of  secretion  would  be  largest  during  the 
hottest  psri  ol  Hie  day  and  the  driest  season  of  the  year.  That  is, 
however,  not  (he  ease  In  800^1  Afrioa,  neither  in  the  Karroo  nor  in 
the  Sonth-Westetn  region.  On  the  oontrary,  a  considerable  nnmber 
of  plants,  although  very  aromatic,  emit  haidly  any  eoent  under 
these  oonditions,  bat  are  bathed  In  odoor  during  damp  ex  foggj 
weather,  even  when  dripping  wet. 

This  behayioor  of  plants  of  both  groups,  i.e.,  such  with  internal  is 
well  as  with  external  organs  of  secretion,  is,  I  think,  fatal  to  the 
*<  diathennanio "  theory,  for  how  could  we  assume  that  snbetances 
which  ere  produoed  by  specially  constructed  and  highly  diversified 
organs  should  be  so  universaUy  destined  to  be  wasted  1 

The  following  plants  have  been  observed  by  me  to  exhale  their 
scent  ythen.  the  atmosphere  is  moist,  but  do  not  do  so  during  dry 
weather: — 

Coleonma  dUnm  6.  et  W.,  Diosma  vulgaris  Schlecht.,  and  many 
species  oiAgathoma — ^in  fact,  most  ButaceaB.  The  scent  of  Goleonema 
in  misty  weather  is  so  strong  that  one  notices  its  neighbourhood 
even  yards  away  from  it.  Haberiandt  has  shown  that  the  oil 
cavities  of  some  plants  of  this  order  possess  a  specially  constructed 
lid,  which  is  thrown  off,  thus  allowing  the  oil  to  eecape,  when  the 
leaf  is  strained  in  any  way,  e,g,t  when  touched  by  an  animaL 
I  have  noticed  that  the  turgor  of  the  leaf  due  to  a  plentiful  supply 
of  moisture  at  a  time  when  there  is  no  transpiration  produces  to- 
some  extent  the  same  effoci 

Another  common  plant  of  our  hills  and  mountains  behaves  in  a 
similar  way — that  is  Bubon  Oiilbatttm  L.,  the  wild  celery,  also  caQed 
the  blistering  bush.  The  leaves  contain  a  highly  volatile  essential 
oil,  but  there  is  usually  no  scent  about  the  bush,  and  our  moun> 
taineers  did  not  know  for  many  years  that  this  was  the  culprit 
which  produoed  the  blisters  on  their  hands,  for  the  effect  shows 
itself  only  a  day  or  two  after  one  has  touched  the  bush.  The 
virulence  varies  considerably,  for  sometimes  one  may  handle  a 
bunch  of  the  plant  unpunished,  and  at  others  a  slight  touch  will 
do  the  blistering.  The  explanation  is  simple  when  onoe  known. 
In  dry  weather  one  has  to  crush  the  leaves  in  order  to  obtain  any 
effect,  and  even  then  I  have  sometimes  failed  when  experimenting 
with  it,  but  in  damp  weather  the  oil  vessels  burst  at  the  shghtesi 
touch  or  movement  of  the  bush,  hence  its  fairiy  strong  smell  at 
such  a  time. 

Even  the  c(»nmon  rhenoster  bush,  Elytropappus  rhmoemtU 
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Less.,  is  highly  aiomatio  in  damp  weather,  and  its  scent  will  then 
accompany  yon  iox  many  miles  when  travelling  in  the  country. 
Other  plants  are  Elytrapappiis  gkmdiilostis  Less.,  BelkouUa 
genistafoUa  L'Her.,  the  so-called  pepperbosh  of  the  Buggens ; 
Osteospemmm  ilicifolium  Xi.,  of  the  mountain  region,  and  the 
gUnd-ooveved,  stidcy  0.  epinosum  L.,  of  the  hills ;  Artemisia  afra 
Jacq.,  the  C^pe  wormwood ;  many  species  of  Pelargonium ; 
Malvastrum  capense  G.  et  H.,  and  even  a  dweller  of  the  woods, 
Plcctranthua  fruticosus  L&mk. 

All  these  observations,  incomprehensible  if  the  hypothec;is  on  the 
diathoriiianic  function  of  the  oils  be  accepted,  are,  however,  in 
perfect  accordance  with  the  view  that  the  oils  act  as  a  deterrent 
to  animal  enemies,  and  in  particular  to  those  which  are  to  be  feared 
•especially  in  damp  weather,  viz.,  snails  and  slugs.  It  may  be 
objected  that  there  are  no  snails  or  slugs  in  the  veld  or  on  the 
mountains,  as  only  some  of  the  introduced  species  have  become 
common  in  the  gardens  of  the  Cape.  That  is  an  error.  1  have 
found  snails  as  well  as  slugs  on  various  mountains  of  the  South- 
West  and  also  in  karroid  spots,  e.g.,  near  Clanwilliam.  One  must, 
■of  course,  not  expect  to  see  them  on  a  dr\'  summer's  day.  But 
when  the  South-East  cloud  covers  the  mountain  for  days,  or  when 
a  nice  dnzzling  rain  is  falling,  you  arc  fairly  sure  to  find  some, 
provided  that  you  feel  inclined  to  look  for  them.  In  fact,  one  of 
the  introduced  species  from  the  Mediterranean,  Livuix  Gagates, 
a  black  slug  which  is  about  three  inches  long,  is  so  common  in  the 
upper  part  of  the  Platteklip  gorge,  that  on  such  an  occasion  one 
may  gather  a  dozen  in  a  few  minutes  on  the  rocks  near  the  top  of 
the  mountain.  I  have  also  collected  an  indigenous  species  of  slugs 
[Oopcltcs)  and  several  kinds  of  snails  {Dorcasia,  Natalia,  and  Phasis;) 
on  the  Winterhoek  near  Tulbagh  and  on  the  Zwartebergen,  and  I 
learn  from  Mr.  Lightfoot  that  there  are  a  fair  number  of  indigenous 
species  of  slugs  and  snails  at  the  Gape,  although  few  of  them  only 
occasionallv  common. 

In  conclusion  I  may  add,  that  in  many  cases  the  protection  against 
gazing  animals  obtained  by  means  of  these  oils  will  be  of  more 
importance  to  the  plants  than  that  against  snails  or  caterpillars,  but 
that  the  little  foes  would  probably  rapidly  multiply  and  endanger 
the  existence  of  many  plants  if  they  weie  not  guarded  off  in  sooli 
401  efleoliye  way. 
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DESCBIPTIONS  OP  SOME  NEW  SPECIES  OF 
HYICENOFTEBA  PROM  PEABSTON.  CAPE  COLONY.* 

Bt  p.  Cambbon. 
(Bead  June  27, 1906.) 
ANTHOPHILA. 

Gbn.  OSMIA,  Panz. 

Blaok,  smoolh,  and  shining;  the  nnderaide  of  the  antennal 
flageHnm  bii^t  rufous  below;  the  pabeeoenee  on  the  body  pale 
(perhaps  fulvous  on  fresh  speoimens) ;  on  the  apes  of  tibitt  and  on 
the  nndenide  of  the  tarsi  rnfoos ;  wings  hyaline,  the  stigma  fosooos, 
the  nemizes  blaok.    $ . 

Length  7  mm. 

P^t  and  yertez  obsoorely  shagreened,  shining,  tiie  oeelli  in  a 
oiinre('  •  *);  the  hinder  separated  from  eaeh  other  by  a  distinctly  less 
distanoe  than  they  are  from  the  eyes.  Olypeus  very  smooth  and 
shining,  the  apei  slightly  onrled  up,  brownish.  Lafamm  fringed 
with fulTons  pnbeseenoe.  Mandibles  pioeous  for  the  greater  part; 
the  apical  tooth  long,  becoming  gradually  narrowed  towards  llie 
apex.  Mesonotnm  obsoorely,  minutely  pnnotared;  tiie  sontellnm 
and  post-sootellnm  dosely,  finely,  but  distinetfy  punctured;  the 
latter,  if  anything,  more  strongly  than  the  foonar;  the  seuteUnm  is 
depressed  slightly  in  the  middle  on  the  s^^cal  half.  Proootum  Tscy 
smooth  and  shining.  Basal  area  of  metanotum  smooth,  shining, 
not  yery  clearly  defined ;  the  depression  on  the  apical  slope  is  wide, 
deep;  it  is  obliquely  nairowed  above;  below  it  is  much  widened ; 
the  top  of  the  widened  pert  is  roundly  curved  and  eortends  dose  to 

*  The  species  described  in  this  paper  wore  captured  lij  my  old  frlfWil, 
Prafeator  Bohert  Bcoom,  of  ViotoKia  CoUsge,  BtoUoDboMh. 
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tiie  oater  edge.  Calcaria  testaceous ;  tarsal  claws  bright  ruiont. 
The  middle  of  the  front  at  the  aDtennsB  projects  into  a  keel,  wliidi 
becomes  widened  below. 

This  is  certainly  not  0.  glohicola  Stadel.  (also  from  the  Gape  ol 
€kx)d  Hope) ;  the  distinefe  fonDOW  leading  from  the  ooelU  to  tfas 
•nteuuB  (absani  in  the  spades  hete  desoribed)  should  sspanAe  the 
two;  if  Stadelmann's  figoie  is  oozreot,  the  fore  ooeUns  is  sepaiatsd 
by  a  greater  distanee  from  the  posteiioir  than  it  is  in  my  species. 
0.  fenida  Sm.  from  Natal  appears  to  be,  so  far  as  oan  be  made  out 
from  the  inoomplete  description,  a  different  and  larger  species.  Onfy 
lis  ^  has  been  described.  In  eofpmwU  the  i^^oes  of  the  abdominal 
segments,  onder  the  hair  bands,  are  lead-colonred. 

Gen.  PR080PIS,  Fab. 

PbOBOPIS  &0BKBTIAKA,  sp.  noV. 

Ilrst  leeorrent  nervnre  interstitial,  ^  seoond  reoeiTed  near  the 
apex  of  the  seoond  caUtal  cellnle.  Black;  the  head  below  the 
antenna,  t^.,  the  laee,  cheeks,  and  clypens,  tlie  anterior  tiboi  in 
front,  the  hind  tibia  to  near  ilie  middle  and  the  basal  joint  ol  the 
hind  tarsi,  bright  yellow.  Slagellmn  of  antenna  from  the  pedide 
brown,  black  above.  Wings  hyaline,  the  nervnres  black.  The 
yellow  made  on  the  face  broad  above,  not  extending  to  tiie  bass 
of  the  antennsB,  shortly  obliquely  nanowed ;  the  central  nuuck  on 
the  face  small,  square.    ^ . 

Length  5  mm. 

Head  closely  pmictured,  the  punctures  on  the  face  and  dypeus 
more  widely  separated  than  they  are  on  the  front  and  vertex.  The 
lower  half  of  the  front  is  raised  in  the  centre,  the  raised  part 
extending  between  the  antennas,  widened  below,  bordered  by  fine 
keels,  and  bearing  two  longitudinal  stria.  Mesonotum  closely  and 
rather  strongly  punctured ;  the  scutellam  is  as  strongly,  but  not  so 
closely  punctured  Metanotal  area  stoutly,  irregularly,  closely 
reticulated;  it  is  bordered  behind  by  a  keel.  Metapleurae  mofe 
strongly  and  distinctly  punctured  than  the  mesopleura.  Abdomsn 
shining,  sparsely  finely  punctured. 

Is  not  unhke  P.  curvicarinata  Cam.  ;  which  species  may  l>e  known 
by  the  first  recurrent  nervure  being  received  in  the  apex  of  the 
first  cubital  cellule  ;  it  is  also  larger  ;  the  labrum  and  mandibles  are 
yellow,  not  black;  the  lateral  yellow  marks  on  the  sides  of  the  face 
are  longer,  project  more  above,  and,  instead  of  being  gradually 
narrowed  to  a  point  above,  have  the  upper  part  narrowed,  it  being 
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only  half  the  width  alxyve,  of  its  base;  the  yeUow,  too^  is  paler,  not 
so  oiange-tinted.  In  P.  cvrviearinata  the  yellow  mark  on  the  ttuoe 
is  Iwioe  longer  than  wide,  not  square. 

Obn.  HAUOTUS,  Latr. 

HALICTUS  ATROVIRIDIS,  Sp.  DOV. 

Dark  green,  the  apices  of  the  apical  three  ahdominal  segments 
broadly  rufo-testaceous  ;  the  four  anterior  tibia)  and  tarsi,  the  base 
and  apex  of  the  hind  tihiai  and  the  liind  tarsi,  except  the  middle  of 
the  metatarsus,  rufo-testaceous,  the  rest;  of  the  legs  black  and 
covered  with  white  pubescence ;  wings  hyaline,  the  oosta  and  stigma 
testaceous,  the  nervures  black.    ?  . 

Length  3-5  mm. 

Flagellum  of  antenna,'  rufo-fulvous,  blackish  above,  apical  half  of 
clypeus  bronzy  coloured.  Mandibles  testaceous,  black  at  the  apex  ; 
the  front  is  brassy  tinted ;  the  punctuation  on  the  front  and  vertex 
is  fine  and  close.  Metanotal  area  closely  punctured  at  the  apex,  the 
base  more  strongly  reticulated,  its  apex  i)ordered  by  a  broad,  smooth 
and  shining  band.  Abdomen  closely,  finely  punctured  ;  the  apical 
segments  (perhaps  also  the  basal)  witli  hunds  of  wliite  pubescence 
on  their  ;ipices  ;  the  apical  segment  is  tiulirely  rufo-fulvous;  the 
middle  area  of  a  darker  rufous  colour.  The  second  cubital  cellule  is 
of  equal  width  throughout ;  the  third  abscissa  of  the  radius  is  about 
one-fourth  longer  than  the  second. 

The  green  colour  is  not  so  conspicuous  as  it  is  in  the  common 
jET.  jticundus  Sm.,  which  is  a  much  laiger,  much  more  densely  haired 
species,  and  its  apical  segments  of  the  abdomen  are  not  rufo-fulvous. 
In  the  larger  examples  of  atroviridie  the  metanotal  area  is  more 
distinetly  retioolated-striated  than  it  is  in  the  smaller;  in  fresh 
ftxamplfls  the  nifoos  ooUmr  on  the  apioes  of  the  abdominal  segments 
is  hid  by  depressed  white  pabesoenoe ;  the  basal  abdominal  segment 
may  be  largely  tinted  with  violaoeous ;  the  mandibles  may  be  blaoik. . 

MASAEIDJS. 
Onr.  GEBAMIUS,  Latr. 

CbRAMTOB  BtrVOllAOOLATDS,  sp.  1107. 

Black,  the  clypeus,  except  for  a  narrow  black  border  on  the  sides 
and  apex,  almost  the  basal  half  of  the  mandibles,  a  broad  transverse 
mark  over  the  anteunte,  its  upper  sides  irregularly  indented,  the 
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lower  with  an  incision  in  the  middle,  the  incision  widest  below,  & 
broad  line  filling  the  eye  inoision,  extending  above  and  below  it, 

below  extending  to  the  malar  space,  where  it  is  united  to  an  oblique 
mark ;  the  temples  for  the  greater  part,  the  mark  obliquely  dilated 
upwards  from  the  eyes  towards  the  vertex,  below  obliquely  narrow(^ 
downwards,  a  broad  band  on  the  upper  side  of  the  pronotum,  the 
band  gradually  dilated  towards  the  apex,  a  broad  irregular  mark  on 
the  mesopleura>  below  the  tegulfe  and  almost  united  at  the  bottom  to 
a  longer,  narrower  one,  a  short  line  on  the  sides  of  the  mesonotum 
near  the  tegulae,  a  longer,  broader  one  in  the  centre  near  the  end  of 
the  parapsidal  furrows,  the  scutellar  basal  keels  broiwlly,  the  sides 
behind  them,  the  scutellum  from  shortly  behind  the  middle,  the 
post-scutellum,  the  part  on  either  side  of  it  broadly,  the  metanotum, 
the  yellow  extending  on  to  the  pleursB,  except  on  the  two  furrows  on 
the  apex,  and  an  irregular  mark  on  the  apex  between  them  ;  a  broad 
band — dilated  outwardly  at  the  apex  laterally  and  reaching  close  to 
the  base  of  the  segment — a  line  on  the  apex  of  the  second  to  fifth 
segments,  narrow  in  the  centre,  broadly  dilated  backwards  on  the 
sides,  and  the  greater  part  of  the  sixth  segment,  yellow.  The  yellow 
on  the  upper  part  of  the  eye  incision  and  on  the  pronotum  is  largely 
suffused  with  rufous.    The  fourth  segment  is  rufous  except  for  the 
yellow  lines  and  for  a  broad  line  in  the  centre  of  the  basal  half;  the 
fifth  and  sixth  are  for  the  greater  part  rufous  ;  the  ventral  surface  is 
rufous,  except  that  the  basal  three  segments  are  broadly  yellow  at  the 
apex.    Antennae  rufous,  the  scape  yellow  below.   Legs  rufous,  the 
greater  part  of  the  coxs  and  about  the  apioal  two-thixds  o(  thefsnuNna, 
yeUow.   Wings  hyaline,  the  base  suffused  wHh  yeUow,  tile  zesi  niAt 
ftuMKms-Tiolaceous,  the  nervures  blaok.    $ . 
Length  16  mm. 

Head  large,  as  wide  as  the  thorax,  deeply,  ronndly  ineiaed  behind; 
the  front  and  Tertex  oloeely  finely  punotozed,  almost  have;  tlia 
clypens  more  atron^y  bat  not  so  d/osely  punotored ;  its  apioal  pari 
from  near  the  middle  depressed,  more  shining  and  move  strong 
punotored  than  the  base;  its  greatest  width  is  somewhat  greater  than 
its  greatest  length ;  the  apex  is  broad,  transverse,  the  extreme  apex 
keeled,  and  bordered  behind  by  a  distinot  farrow.  Labnim  rofiooa. 
The  yellow  on  the  base  of  the  mandibles  rans  into  rofoos  at  ttieir 
middle,  the  upper  margui  and  the  teeth  are  blabk.  Fro-  and  meso- 
thorax,  with  the  soutellam  dosely  and  strongly  punotared,  almoal 
bsce  above,  the  pleam  and  stemnm  thickly  eovered  with  iHiita 
pobasoenee,  whioh  is  longest  on  the  latter.  Ftonpsidal  fdnowi 
distinet.  Soatellam  large,  slightly  higher  than  the  meamifltmn^ 
olearly  longer  than  broad,  narrowed  and  ronnded  at  the  tugn.  His 
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base  slightly  raised  and  with  a  large  smooth  space  in  the  middle; 
the  sides  are  keeled,  the  apex  has  an  oblique  slope.  Post-scutellum 
smooth  and  slightly  raised  in  the  middle.  First  abdominal  segment 
with  the  apex  raised,  the  raised  part  with  an  oblique  slope  and 
clearly  separated  from  the  base  of  the  second ;  down  its  oentre  is  » 
nanow  fmzow,  whk^  is  less  distinot  in  the  middle  and  more  distinoi 
at  the  apsK  than  ftt  tiie  base.  Bsdial  oeUnle  sharply  pointed  tA  the 
apex ;  the  second  onbitsl  edlnle  in  front  is  aboat  one-fourth  of  the 
length  behind  end  not  nmch  mora  than  the  length  of  the  spaoe 
bounded  by  the  raonxrent  nervines  i  the  seoond  of  the  latter  i» 
received  distinctly  behind  the  middle. 

The  yellow  is  paler  on  the  metanotmn  and  on  the  base  of  the 
abdomen  than  elsewhere. 

The  carved  farrow  nniting  the  antenna  is  deep  and  dearly 
defined ;  above  it»  bordering  the  top  of  the  black  mad^,  is  a  ^-shaped 
farrow,  nanow,  bat  distinct.  On  the  top  of  the  metanotam  is  a 
broad,  carved  keel,  its  sides  carving  distinctly  downvroids ;  from  its 
centre  a  straight  keel,  as  long  as  the  latenJ  curves,  rons  straight 
down,  it  heooming  narrowed  below ;  these  keels  are  one-third  of  the 
length  of  the  metanotam,  which  has  its  sides  broadly  loanded ;  its 
apex  18  raised,  roundly  curved,  narrowed  laterally. 

The  coloration  of  the  abdomen  is  not  unlike  that  of  0.  macrth 
cephdim,  and  it  has  also  a  large  head  like  that  species.  The  daws 
have  a  small,  sharp,  almost  upright  tooth  near  the  base.  The  fine 
ponctuation  of  the  abdomen  is  as  in  0.  andni  Br.,  with  which  ii 
appean  to  be  related  in  some  respects. 


Gbm.  B£L0N0QA8T£B,  Saus. 

Bblomooastbb  piotub,  Kohl 
Of.  Ann.  k.k.  Hofmus.  Wien,  ix.,  894. 

A  yei  y  pale  example,  the  black  being  only  on  the  sides  and  apex  oC 
meeonotam,  on  the  meso-  and  metapleura,  and  on  the  sides  of  the 
third  and  fonrtb  abdominal  segments ;  the  yeUow  macks  on  the 
seoond  abdominal  segment  are  larger  than  osoal ;  and  there  is  m> 
black  on  the  legs. 

This  is  the  species  usually  named  B.  rufipemu  and  B.  grium. 
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SPHEGIDiB. 

Gbit.  OXTBELUS,  Latr. 

OxYliELUB  ABTHIOPICUS,  Sp.  DOV. 

Black,  a  mark,  sharply  naEiowed  on  the  inner  side,  on  either  side 
of  t]iB  apex  of  the  pronotam,  a  spot  on  the  outer  edge  q^ipoeite  the 
teguliB,  an  oval,  obliqne  mark  on  the  base  of  the  scutellum  at  the 
sides,  the  apical  lateral  angles,  forming  a  triangular  large  mark,  two 
large  semi-oiraolar  marks  on  the  apex  of  the  first  abdominal  segment, 
two  longer,  narrower  ones,  obliquely  dilated  on  the  inner  third,  and 
transverse  lines  on  the  apices  of  the  following  three  segments,  the 
lines  becoming  gradually  wider,  lemon-yellow.    Legs  black,  the  apex 
of  the  fore  femora  narrowly,  of  the  middle  more  broadly  below,  and 
the  base  of  all  the  tibia?,  lemon-yellow  ;  the  enlarged  apical  joint  of 
the  tarsi  rufous ;  the  calcaria  pale  fulvous  ;  the  tibial  spines  darker 
coloured.    Wind's  hyaline,  the  nervures  black.    Apical  half  of  the 
antenual  tiagellum  rufous.     Middle  of  mandibles  broadly  rufous. 
Scutellar  spines  Uu  j^e,  longer  than  the  width  at  the  base ;  their  apex 
with  a  rounded  incision,  longer  than  the  width  at  the  apex  ;  the 
post-scutellar  spine  nearly  three  times  longer  than  wide,  roundly 
bent  above,  of  almost  equal  width  throuj^hout,  the  apical  incision 
triangular,  large,  as  long  as  the  width  at  the  apex  ;  in  its  centre  is  a 
moderately  stout  longitudinal  keel,  bordered  by  a  few  oblique  ones ; 
its  sides  yellowish,  tinged  with  rufous.    Scutellum  strongly,  but  not 
very  closely  punctured  ;   mesonotum   more  closely,  but   not  so 
strongly  punctured.     Metanotum  shagreened,  opaque,  irregularly 
transversely  striated,  except  the  basal  area  and  the  keels  bordering 
and  leading  from  it;  the  area  is  depressed,  triangular,  the  length 
longer  than  the  width  at  the  base,  which  is  closed  by  a  transverse 
keel  ;  the  lower  part  of  the  spine  is  bordered  by  two  keels  between 
^vhich  are  a  few  transverse  ones  ;  the  two  longitudinal  keels  are 
bordered  at  the  bottom  by  a  transverse  one,  which  extends  lateraUy 
beyond  them  ;  above  it  is  a  stout  iranverse  one  forming  with  the  keel 
of  the  large  an  a  a  smaller,  somewhat  triangular  area.     Pro-  and 
mesopleurie  strongly,  closely  punctured ;  the  metapleura?  closely 
oblicjuely  striated.    Abdomen  strongly  and  closely  punctured  ;  the 
apex  of  the  segments  depressed,  the  depression  clearly  defined, 
closely  striated,  more  or  less  reticulated  and  pale-yellow.  Last 
segment  black,  closely  striated  above,  the  sides  keeled ;  below  it  is 
smooth  and  shining  down  the  centre.   Apex  of  clypeus  depressed, 
smooth,  shining,  transverse. 
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The  long  scutellar  spine  of  almost  equal  width  and  with  the  sides 
yellow  distinguishes  this  species.  In  capensis  the  spine  is  black  to 
shortly  beyond  the  middle,  the  apex  yellowish  testaceous ;  in  spini- 
ferus  it  is  much  broader  compared  with  the  width,  and  is  narrowed 
at  the  i)!ise  ;  there  is  a  stout  keel  down  the  middle  of  the  scutellum  ; 
the  central  area  on  the  metanotum  is  large  and  reticulated,  the  apex 
of  the  clypeus  is  not  transverse,  and  the  legs  are  largely  bright 
lemon-yellow. 

In  (ethiopicuH  the  keel  leading  from  the  metaiiotal  area  is  broad 
above,  becoming  narrower  below ;  it  is  ^t,  smooth  and  shining. 


ICHNEUMONIDiB. 
HemiteUni, 

Gen.  XENOLYTUS,  Forst. 

XaNOLTTUS  BUFEPBS,  Sp.  n07. 

Black,  the  abdomen  from  the  second  segment  and  the  legs  rufous ; 
the  legs  darker  in  tint  than  the  abdomen,  the  hind  coxa?  black  ;  the 
basal  four  or  five  joints  of  tlie  antennje  dark  red ;  wings  hyaUne,  the 
nervures  and  stigma  black.     5  . 

Length  5;  terehra  fully  I  mm. 

Anteuna3  19-jointed,  stout,  us  long  as  the  abdomen,  the  third 
joint  slightly  longer  than  the  fourth ;  the  last  not  quite  so  long 
as  the  preceding  two  united,  flead  and  thorax  shining,  covered  with 
a  mirmte  pile.  Face  closely,  minutely  punctured,  opaque  ;  the 
clypeus  smooth  and  shining.  Mandibles  dark  red,  the  teeth  black  ; 
the  upper  is  distinctly  longer  than  the  lower.  Palpi  dark  testaceous. 
Thorax  shining,  closely,  minutely  punctured,  the  mesonotum  more 
closely  and  strongly  than  the  rest ;  the  base  of  metanotum  distinctly 
depressed  ;  the  basal  area  large,  almost  square  ;  the  areola  large, 
6-angled,  transrerse  at  base  and  apex;  the  basal  half  obliquely 
narrowed,  aboat  mie-third  narrower  than  the  apex ;  there  are  two 
large  basal  latemi  arae;  the  apical  is  broad  eX  ibe  baae,  namiwed  to 
a  point  at  the  apex ;  its  inner  tide  tonndly  onrred ;  it  forms  almost 
a  triangle ;  posterior  median  area  occupies  the  entire  apical  slope ; 
ii  is  6-aii^led.  The  middle  of  the  mesoplenm  is  smooth  and 
shining;  below  it  is  obscurely,  finely  longitodinslly  striated. 
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Abdomen  shining  ;  ihe  post-petiole  finely,  longitudinally  striated. 
Areolet  d^uigled;  the  zeoairent  nervure  is  received  in  the  middle; 
the  disoo^subital  nemue  hae  a  minute  stump  behind  tbe  middle : 
the  transverse  median  is  teoeived  beyond  the  transverse  basal. 
In  the  hind  wings  the  transverse  median  nervure  is  broken  distinctly 
below  the  middle. 

I 

I 
I 

PhygadeuoHini. 
QvH,  LEPT0DEMA8,  Forst. 

LePIODEMAS  CABINI8CUTI8,  Sp.  DOT. 

Bladk,  shining,  the  underside  of  tbe  antennsl  soape,  the  boa, 
•olypens,  mandibles  ezoept  the  apex,  and  palpi,  yeillow,  tinged  with 
orange;  the  second  and  following  segments  of  the  abdomen  led, 
largely  tinged  with  black  in  the  middle;  the  legs  of  a  brighter  rufons 
colour,  their  coxte  black  except  at  the  apex  ;  the  apex  of  the  hind 
tibiiB  and  the  hind  tarsi  infosoated.  Wings  hyaline,  the  nemms 
black,  the  stigma  iusoous.  ^ . 
j  Length  5  mm. 

AntennjE  stout,  tapering  towards  the  apex  ;  the  basal  half  of  the 
flagellum  fuscous  below.  Face  closely  and  distinctly;  the  clypens 
less  closely,  punctured ;  it  is  clearly  separated  from  the  face  by  a 
furrow.  Front  and  vertex  distinctly  punctured  ;  tbe  former  is  more 
opaque  and  more  closely  punctured  than  the  latter.  Thorax  shininf*, 
closely  punctured,  spai^sely  pilose  ;  the  parapsidal  fuiTOWs  are  ou  the 
basal  third;  the  mesosternal  furrow  is  wide,  crenulated  ;  the  upper, 
apical  part  of  the  nu  sopleune  is  almost  smooth.  Scutellum  pro- 
minent ;  its  sides  keeled  on  the  hasal  half.  Basal  slope  of  metanotura 
depressed,  oblique,  smooth,  with  only  lateral  keels  ;  the  areola  lar^re, 
roundly  narrowed  to  a  rounded  point  from  siiortly  beyond  the  middle 
to  the  base ;  in  its  centre  is  a  stout  longitudinal  keel ;  the  sides  are 
irregularly  longitudinally  striated  ;  the  apex  is  slightly  rounded 
inwardly  ;  there  are  live  clearly  defined  apical  area?,  all  strongly 
striated,  except  the  posterior  median  at  the  top ;  the  spiracular  ai  ra, 
is  clearly  defined  and  closely  striated ;  the  metapleuric  are  irregularly 
striated  towards  the  apex ;  below  is  a  stout  curved  keel,  there  being 
also  a  stoat  keel  between  the  ooxsb.  Abdomen  closely  and  rather 
strongly  punotozed,  inolnding  the  post-petiole,  which  has  piomineot 
spuracles  ;  the  sides  behmd  these  are  keeled,  the  keds  extending 
slightly  on  to  the  post  petiole  beyond  them.    Areolet  6-«ngled, 
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narrowed  in  front;  the  recurrent  nervuro  is  received  in  the  middle ; 
the  transverse  oiediau  is  almost  interstitial ;  the  disco-cubital  angled 
and  bullated  in  the  middle. 


Gen.  CARDIOCHILES,  Nees. 
Caediochilks  nigkomaculatus,  Cam. 

One  example.  The  size  and  form  of  the  black  markings  on  this 
speoies  Tary.  For  example,  the  black  mark  on  the  base  of  the 
mesonotum  may  be  of  equal  width  or  it  may  be  gradually  narrowed 
towards  the  apex,  i^.^  triangular ;  there  may  be  a  black  mark  on  the 
base  of  the  abdomen.  The  antennop  may  be  37-jointed.  The 
post-scutellum  is  flat,  stoutly  keeled  laterally.  The  South  African 
species  may  be  grouped  thus  : — 

1  (2)  Back    of    abdomen,    pletusB,    stenxiim,  and 

mesonotum  Uaok   fulviveniriSt  Cam. 

8  (1)  Bftflk  of  abdomaa  and  meaothoaac  not  ootixely 

black 

3  (4)  Thornx  entirely  black    nigricoUUf  Cam* 

4  (B)  Thorax  only  maculate  with  bl&ck 

6  (8)  Ifieaonotom  with  three  hoge  blaok  nuurks 

6  (7)  Fleum  Iwgdy  end  tho  beae  of  the  lege  bleok  . .   tiigromaeuUstUf,  Gem. 

7  (6)  FlenxiB hnmaeolete  tritnacnlatus,  Cam., 

testaceijMis,  Cam., 
oUm  Uttaomu. 
Gem.,  non  Kxdeh., 

non  Sz^p. 

8  (4)  Thorax  not  maculate  with  black  testaceus,  Kriechb. 

(Cameroous.) 

I  fancy  that  a  series  of  specimens  \vould  show  that  the  size  and 
number  of  the  black  markings  on  the  maculate  species  vary. 


EVANIID^. 

Gbm.  £VANIA,  Fab. 
BvANiA  BBOom,  tip,  nor. 

Bkoik ;  the  api  x  of  (ihe  lore  femo»  and  the  tibitt  and  tarn  obaeine 
teiftaoeoiiB ;  "wings  hyaline,  the  nervtires  pale  testaoeons,  the  basal 
ones  blaek;  the  metastemal  prooesa  not  forked  at  the  apex.  Pto* 
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and  meso-notum  shining,  iuipunctate,  as  is  also  the  sciitelhim  ;  tlM 
pai Jipsidal  furrows  deep,  extending  from  the  base  to  the  apex.    J . 

Length  nearly  4  mm. 

Head  shagreened,  opaque,  the  front  moro  coarsely  shagreened 
than  the  rest.  Mulai  space  more  than  half  the  length  of  the 
antennal  scape,  not  furrowed.  Lower  part  of  clypeus  bordered  by 
deep  farrows,  its  apex  smooth,  brown.  Antennae  placed  shortly 
below  ^6  middle  of  the  eyes ;  the  soape  is  shorter  than  the  second 
joint  of  the  flageUnm ;  the  latter  is  nearly  as  long  as  the  foBowing 
two  united.  Hinder  ocelli  separated  from  eaeh  other  by  a  distinetlj 
greater  distance  than  they  are  from  the  eyes— by  almost  twiee  the 
length  of  the  antennal  pedide.  Pro-  and  meso-plenne  opaque^ 
coarsely  shagreened;  the  raised  upper  part  of  the  latter  ahinin^ 
almost  smooth.  Base  of  metanotom  shining,  almost  entirely  smooth, 
the  apex  with  some  distinct  transrerse  strie ;  the  rest  of  the  median 
segment  closely,  finely,  mostly  longitodinally  reticulated;  the 
longitudinal  strisB  stronger  and  more  distinct  than  the  transretae. 
Abdomen,  including  the  petiole,  smooth  and  shining ;  the  petiole 
slender,  about  twice  the  length  of  the  upper  part  of  the  metanotom. 
The  xecunent  nerTure  is  recelTed  shcirtly  beyond  the  transvene 
cubital ;  the  transverse  median  distinctly  beyond  the  transvene 
basal ;  there  is  no  distinct  angle  in  the  apical  part  of  the  radius. 
Hind  tibia'  and  tarsi  with  a  few  pale  golden  spines ;  the  kmg  spur  of 
the  hind  tibiic  is  two-thirds  of  the  length  of  the  metatarsus,  which  is 
as  long  as  the  following  two  joints  united  ;  the  last  is  as  long  as  the 
penultimate,  but  not  so  long  as  tlie  third.  The  antenna  are  longer 
than  the  body ;  are  slender  and  fuscous  hcAow  towards  the  apex. 

Comes  close  to  E,  levigena,  Kielfer,  wiiioh  has  also  an  unlorked 
metastemal  process. 

BETHILID^. 

Gen.  TKISSOMALUS,  Kief. 
Tjusbomalub  tbambvaalbnsis.  Dub. 

Dr.  Broom  sends  a  Bethylid,  which  is  certainly  a  Tntnmalug^ 
EiefSer  (Ann.  de  la  Soc.  Scient.  de  Bmxelles,  xxix.,  106),  and  whkdi 
is  probably  identical  also  with  the  type  of  that  genus,  namely^ 
Ooniogus  transvaalemis,  Dubuysson.'^  As,  however,  it  does  iiq4 
quite  agree  with  the  description,  I  give  one  of  it  here. 

Black,  the  scape  and  the  pedicle  of  the  antenna,  the  mandiblat, 

*  Ann.  Soc  Ent.  Fr.,  hni.,  1807, 864. 
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the  anterior  tibiee  and  tarsi  and  the  four  hinder  legs,  except  their 
00X0,  bright  red ;  wings  hyaline  to  near  the  base  of  the  stigma,  dark 
fosoons,  slightly  tinged  with  violaceous  beyond  the  stigma  and 
nervnres  black.  %, 

Length  6  mm. 

The  third  joint  of  the  antennae  is  almost  twice  the  length  of  the 
second,  i.e.,  the  pedicle;  its  base  is  pale  rufous.  Head  above  the 
antenna)  distinctly,  uniformly,  but  not  closely,  punctured ;  a  stout 
kool  between  and  below  the  antennte  ;  the  space  borderin;^  it  opaqno, 
impunctate ;  there  is  a  sniooth  hne  below  the  ocelli  ;  w  liich  are 
iiiranged  thus  '  '  ;  the  anterior  separated  from  the  posterior  i)y  a 
<listinctly  f;reater  distance  than  these  are  from  each  other  ;  they  are 
separated  from  each  other  l)y  about  one-fourth  the  distance  they  are 
from  llie  eyes.  ^fesonotuni  sparsely  punctured,  the  apex  almost 
impunctate  ;  the  furrows  indicated  only  close  to  the  apex.  Scutel- 
luni  very  smooth  and  sliining.  Base  of  raetanotum  opaque, 
alutaceous,  the  centre  almost  obscurely  finely  oblifjucly  striated  ; 
the  apical  slope  smooth  and  shining,  as  are  also  the  melapieuraQ, 
except  at  tlie  l)ase  where  there  are  a  few  stria^. 

Head  slightly  wider  than  the  thorax,  transverse  behind,  as  wide 
there  as  the  length  of  the  eyes  and  temples  united  ;  the  latter  slightly 
shorter  than  the  eyes.  Prothomx  short ;  mesonotum  wider  than 
long.  Scutellom  large,  wider  than  long,  narrowed  behind ;  bounded 
by  ft  wide  shallow  fnoow  at  the  basei  the  tmom  wideaedlinto  fovea 
At  the  enter  edges.  The  metanotum  is  not  so  long  as  <^e  meaonotom 
jmd  the  soutellnm  nnited.  The  first  abdominal  segment  is  farrowed 
4own  the  middle  on  the  basal  hall ;  the  third  abdominal  segment  is 
longer  than  any  of  the  others.  Sides  of  head  and  thorax  covered 
qparsely  with  white  pabesoenoe.  Antennal  soape  as  long  as  the 
following  two  j<nnts  united;  the  third  joint  is  shortly  bat  distinctly 
longer  than  the  foortb. 
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ON  THE  HYMENOPTEROUS  PARASITES  OF  THE 
MEALIE  STALK  BOBEB  {SESAMIA  FUSCA,  HAMPSON). 

By  p.  Camekon. 

(Bead  Jane  27,  1906.) 

BBAOONID^. 

BSAOON  UBAMIiB,  Sp.  DOT. 

Blaok,  the  oral  legioii,  malar  apaoe  largely,  the  inner  eye  orbits 
nanowly,  the  outer  on  the  top  more  broadly,  mandiblea,  palpi*  a  large 
tnangtilar  mark  on  the  upper  half  of  the  protliorax,  tegulse,  an 
elongated  mark  borderuig  the  apox  of  the  middle  lobe  of  the 
mesonotnm,  the  greater  part  of  the  scutelliim,  the  abdomen  and 
the  legs,  except  the  hinder  coxa),  rufo^luteons ;  the  apex  of  the 
hinder  tibis  and  the  hind  tarsi,  black;  wings  hyaline,  the  stigma 
and  nervnres  black.    ?  . 

Length  4  mm. ;  terebra  1  mm. 

Cape  Colony.    Grahamstown  (Hth  December). 

Antennae  29-jointcd,  stout,  almost  bare  ;  the  third  joint  longer 
than  the  fourth.  Head  and  thonix  smooth,  thickly  covered  with 
short,  white  pubescence.  Clypoiis  clearly  separated ;  the  middle 
separated  from  tlie  sides  1>}-  depressions.  Purapsidal  furrows  dis- 
tinct, the  middle  lobe  distinctly  separated,  .\bdomen  short,  not 
quite  so  long  as  the  thorax  ;  closely,  unnutely  punctured  ;  the  suturi- 
form  articulation  is  distinct,  roundly  curved  towards  the  base  of  the 
segment  at  the  sides  ;  there  is  a  naiTow,  but  distinct  furrow  on  ihe 
apex  of  the  second  sej^ment  ;  the  segments  laterally  at  the  apex  are 
chnirly  separated.  There  is  a  deep,  distinct,  obhque  fuiTOW  down 
tlie  middle  of  the  metapK  uric. 

Probably  the  amount  of  rufous  colour  on  the  head  and  thorax 
varies;  the  metaplcuroi  may  be  rufous. 
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The  ooooon  is  elongato-ovate,  white,  oorered  on  the  oateide 
with  longish  hair.  The  ineecl  eseapes  hy  a  xoond  hole  near 
one  end. 

APARTBLBB  8B8A1IIB,  Sp.  nOY. 

Blaok,  vety  smooth  and  shining  ezoept  the  metanotum  and  basal 
segment  of  the  abdomen,  whieh  are  opaque  and  ooarsely  shagieened* 
Basal  half  of  flagellom  fosoons;  the  legs  mfo-testaosous.  Wings, 
hyaline,  the  stigma  and  nervntes  fnsoons.    9 . 

Length  nearly  9  mm. 

Gape  Colony.   Grahamstown  (11th  September). 

Awtfttiwffi  stouter  than  usual,  not  mueh  longer  than  the  head  and 
thorax  united ;  the  third  joint  twioe  longer  than  thick,  dearly  longer 
than  the  fourth  which  is  longer  than  thick;  the  others  are  as  long 
a&  thick.  Eaoe  rounded ;  separated  from  the  cl3n9eus  by  a  distinct 
farrow.  Temples  broad,  rounded.  Meson otum  depressed,  flat,  its 
apex  raised.  Metanotum  not  areolated  or  keeled.  First  abdominal 
segment  wider  than  long ;  its  sides  depressed ;  the  depressions  wide,, 
dearly  defined;  the  second  is  shorter,  broader  than  lonn;,  aciculated,. 
more  shining  than  the  first,  but  not  so  much  as  the  folio winr^ 
segments;  the  ovipositor  distinctly  projects,  is  stout,  broad;  the 
apical  ventral  segment  is  testaceous.  The  apices  of  all  the  segments- 
are  transverse.  The  legs  appear  to  he  stouter  than  usual ;  the  spurs 
of  the  hind  tihia-  are  stout  and  are  nearly  as  ]on<^  as  the  second  tarsal 
joint  ;  the  hind  coxto  smooth  and  shining.  The  hrst  cubital  cellule 
is  large,  its  apex  broadly,  roundly  curved ;  there  is  a  short  stump  of 
the  cubitus  beyond  it. 

The  antennte  are  tliicker,  the  mesonotum  more;  shining  and 
depressed  and  the  nervure  bounding  the  first  cubital  cellule  more 
rounded  than  they  are  in  most  European  species.  .Against  the  light 
the  cubitus  can  be  traced  to  the  ape.K  of  the  wing ;  at  the  base  it  is 
straiglit,  oblique.  The  pruediscoidal  areolet  is  more  than  twice 
longer  than  it  is  wide  at  the  apex,  where  it  is  straight,  oblique. 

IGHNEUxMONID^. 

E.\Ei'HANEs  NiGKOMACULATUs,  Cam. 

Annals  of  the  South  African  Museum,  Vol.  V.,  1906,  p.  161. 

The  example  bred  is  a  ^ ,  which  has  not  been  described.  The 
basal  third  of  the  antennse  is  red,  the  rest  black  except  for  a  white 
band  of  five  joints  near  the  middle ;  the  apical  joints  are  senate. 
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The  sides  of  the  face  and  the  top  of  the  clypeus  above  are  yellow; 
the  malar  space  is  black.  The  tubercles  and  the  souteilum  broadly 
in  the  middle  are  yellow.  The  black  band  down  the  middle  of  the 
metanotum  extends  beyond  the  areola  on  to  the  lateral  anm.  The 
abdominal  petiole  is  more  slender  than  in  the  $  . 
Komgha,  15th  February. 

The  three  species  described  a])ovo  were  sent  me  by  Mr.  C.  P. 
JLounsbury,  the  Cape  Government  Entomologist. 
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ON  TWO  SPECIES  OF  ICHX HUMONID.E  PARASITIC  ON 
THE  CX)DLING  MOTH  IN  CAPE  COLONY. 

By  p.  Cambbom. 

(Bead  June  27,  1906.) 

The  two  BpeeieB  of  Iohiieiimoiiid»  raooided  bebw  were  sent  me 
hy  Mr.  C.  P.  Loimebniry,  the  Cape  Qovemment  Bntomologist,  m. 
haTuig  been  reared  from  the  deBtmotive  Codling  Moth  {Carpocapsa 
pomonMa,  L.) 

PIMPLIN-Si. 

PIMPLA,  Eab. 
PmpLA  HBLioPHiLA,  Cam. 

The  ^  of  this  speeieB  was  desoribed  in  the  Zeits.  fQr  Hymen,  ft. 
Dipter.  1906,  p.  848,  from  the  Transvaal  Both  sexes  having  been 
reared  from  the  Codting  Moth,  X  now  give  a  description  of  the  9 . 

Length  8  mm. ;  ovipositor  nearly  2  mm.  Bnlons ;  the  antenne, 
head,  the  greater  part  of  the  fourth,  the  whole  of  the  following 
abdominal  segments,  the  sheath  of  the  ovipositor  and  the  greater 
part  of  the  legs,  black ;  the  greater  part  of  the  anterior  femora  in 
front ;  their  tibie  entirely  in  front  and  a  broad  band  near  the  middle 
behind  ;  the  extreme  apex  of  the  middle  femora  in  front,  u  broad 
band  shortly  behind  the  middle  of  their  tibiae,  and  a  much  broader 
one  on  the  basal  half  of  the  hinder  tibiae,  extending  from  shortly 
behind  the  base  to  shortly  beyond  the  middle,  dear  white ;  the  four 
anterior  tarsi  rufo-testaceous ;  wings  clear  hyaline ;  thenervnres  and 
stigma  black  ;  the  latter  white  at  the  base.    ?  . 

Palpi  white.  The  base  of  the  four  posterior  coxsb  may  be  reddish, 
afl  may  be  also  the  middle  joints  of  the  hinder  tarsi.  Front 
punctured  above,  irregularly,  more  strongly  transversely  striated 
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below  ;  the  vertex  weakly  punctured.  Face  closely,  distinctly, 
somewhat  strongly  punctured.  Thorax  shining,  closely,  distinctly 
punctured ;  the  median  segment  more  closely  and  strongly  than  the 
rest;  the  base  of  the  propleura^  is  smocth,  impunctate  above. 
Abdomen  closely  punctured,  more  stron^^'ly  than  the  thorax;  the 
apices  of  the  sot^nneTits  are  shining.  Areolct  1-angled  ;  the  trans- 
verse cubital  nci  vures  meeting  in  front  ;  the  recurrent  nervure  is 
received  clearly  beyond  the  middle.  The  amoant  of  black  on  the 
apex  of  the  abdomen  and  of  red  and  white  on  the  legs  probably 
yaries. 

As  I  have  stated.  I.e.,  the  affinities  of  this  speeies  aie  with 
P.  tnekmospila,  Cam.  (Annals  8.  Af.  Mns.,  Y.  1906»  p.  115).  The 
two  may  be  separated  Uins : — 

Breast  black  ;  tho  four  anterior  coxfP,  trochanters,  and 

the  greater  part  ol  the  rest  of  the  legs  yellowish ;  the 

lifaidfemoiand;  the  apex  MAMomon  not  UMk  ..   ..   m§lamo^iUi,  0ms. 

BroMt  rufous ;  the  four  anterior  legs  for  the  greater  put 

and  the  hind  iflnuna  bladt ;  the  apmoi  abdomwa  bwdly 

black  •  heliqphiia,  Cmm. 


OPHIONIN^. 

H7MEN0B08MINA,  D.T. 

Hymenobosmina  roMOinBiitJE,  sp.  nov. 

Black,  the  antennal  scape  and  legs  red ;  mandibles  obscure 
testaceous  ;  the  teeth  black  ;  palpi  pale  yellow  ;  the  anterior  cox£e 
pale  yellow,  the  posterior  l)lack  ;  wings  hyaline,  indesoent*  the 
nervures  and  stigma  black.     J  and  ^ . 

Length  7  unu. ;  terebra  2-5  mm. 

Face  and  clypeus  closely,  uniformly  punctured,  covered  with 
silvery  pubescence  ;  the  front  and  vertex  are  similarly  punctnrod, 
but  not  quite  so  strongly.  Temples  obliquely  narrowed,  Thonix 
closely  punctured,  the  uiesonotum  more  strongly  than  the  scutellum 
or  pleurae.  The  basal  keels  of  the  areola  are  more  distinct  than  the 
apical ;  they  are  straight,  oblique,  and  unite  at  the  base  ;  there  is 
a  large  basal  lateral  area,  the  keels  being  broadly  rounded  ;  beyond 
this  is  a  large,  somewhat  triangular  area,  not  clearly  bounded  on  the 
inner  side ;  there  is  an  indication  of  a  small  petiolor  area.  Tegui« 
yellow. 

As  this  spsoies  is  not  qnite  typieal,  I  give  a  gensiio  desoription 
of  it. 

Glypeiis  not  at  all  separated  from  the  !aoe;  its  farasdiy 
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rouruled.  Wind's  without  an  areolet  ;  the  transverse  median  nervure 
unbroken  ;  parallel  iicrvure  received  shortly  above  the  middle ;  the 
transv('rse  median  nervure  in  hind  wings  unbroken.  Metanotal 
spiracles  small,  oval,  about  twice  longer  than  wide.  Metanotum 
indistinctly  areolated  ;  the  areola  open  at  the  apex.  Abdominal 
petiole  distinctly  longer  than  the  second  segment ;  its  post-petiole 
clearly  nodose.  Ovipositor  half  the  length  of  the  abdomen.  Hind 
tibiui  spiuose  ;  the  claws  pectinated.  Eyes  parallel ;  slightly  curved 
on  the  inner  side  above  the  middle.  There  is  a  small,  but  distinct, 
malar  space.  The  single  transverse  oubital  nervure  is  longish ;  the 
xeenmiit  nervme  is  xeoetved  at  less  its  length  beyond  ii  Antennm 
shorter  Ham  the  body. 
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NOTES  ON  SOUTH  AEBICAN  CYCADS.'^— 1. 
(With  Plates  VI.,  VU.,  Will.) 
By  H.  H.  W.  Peabson,  M.A.,  F.L.S. 

(Bend  June  97,  1906.) 

Wliiie  the  Cyoads  have  been  the  object  of  muoh  attention  from 
the  anatomical  botanist  and,  particularly  during  recent  years,  from 
the  morphologist,  our  knowledge  oi  what  may  be  termed  the 
Natmral  History  of  the  group  remains  very  imperfect.  It  is  most 
desiiable  that  some  attempt  should  be  made  to  lessen  our  igno- 
rance in  this  respect,  not  only  on  aooount  of  the  interest  which 
attaches  to  this  family  us  ilu-  most  primitive  of  living  seed-bearing 
plants,  but  also  in  the  hope  that  a  study  of  the  living  plants  in  a 
state  of  nature  and  of  the  life-conditions  to  which  they  have  })econic 
adapted  will  throw  light  upon  problems  presented  by  the  ini])erfecb 
remains  of  theii-  exliiict  relatives.  Our  present  state  of  comparative 
ignorance  is  due,  however,  to  no  lack  of  interest,  but  rather  to  want 
of  the  opportunities  for  investigation.  Cycads  for  the  most  part 
inhabit  districts  in  which  means  of  communication  are  few,  and  it  is 
only  here  and  there  tiiat  systematic  field-observations  are  possible. 
It  has  thus  arisen  that  for  what  we  know  of  the  family  as  hving 
plants  we  are  chielly  indebted  to  the  horticulturi^^t. 

Although,  as  Lehniann  quaintly  observes,  "  Cycadcic  onnies,  quae 
Africam  australem  inhabitant,  neque  in  agris  urbi  Capensi  pro- 
pioribus,  neque  in  omnibus  totius  coloniae  partibus  proveniunt, 
sed  in  iis  tantum  terrae  tractibus,  qui  longo  intervallo  ab  nrbe 
absont,"  nevertheless  the  locslities  of  many  species  ace  fairly  easily 
aooessible  and  offer  facilities  for  investigation.  The  following  paper 
coolains  records  of  obsenrations  on  four  of  these  species.  Borne  aie 
of  doubtful  significance,  and  may  prove  to  be  unimportant.  They 

*  Assisted  by  a  grant  from  the  British  Association. 
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are  deemed  worthy  of  publication  as  a  contiibution  to  a  body  of 
facts  fiouj  which  in  time  vahiable  inferences  may  be  drawn.  As 
will  be  evident,  much  of  the  information  contained  in  this  paper 
is  furnished  by  correspondents  who  are  able  to  pay  frequent  visits  to 
oiu;  or  other  of  the  forms  considered,  and  to  whom  I  am  deeply 
indebted. 

The  species  studied  are  EjicepJudartm  Fiiderici  Guilielmi, 
Lehm.,  E.  Altcnstciniit  Lehm.,  E.  vilLosus^  Lem.,  and  a  species 
of  titangeria. 

Encbphai«aaios  Ebidbbici  GuiiiiKTiMT,  Lehm.'^ 

(Plate  YI.,  fig.  1.) 

The  speoies  which  is  bdieTed  to  bear  this  name  is  abandant  oo 
the  dolerite  ridges  in  the  Queenstown  and  Gatheart  distriotB.  It 
does  not  extend  further  north  than  Hangklip  (6»600  ft.),  and  ean  be 
followed  in  a  southerly  direction  almost  as  far  as  the  eastern 
oontinnation  of  the  Amatola  range.  Dr6ge  colleoted  apeeimens  on 
the  Windvogelbeig,  a  long  ridge  whioh  oTeifaangs  the  town  of 
Cathoart.  These  weie  apparently  identified  by  Tiehmann  ss 
B,  Fridmei  Guilielmi  (fide  De  CamdoUe),  whioh  was  later  xedneed 
to  E,  cycadifoUue  (Zamia  eyeadifolia,  Jaoq.).  While,  however, 
Lehmann's  figures  and  description  of  the  cones  of  E.  Fridtrid 
QuiUelmi  contain  nothing  which  would  exclude  those  of  the  speoieB 
now  under  consideration,  the  description  of  E.  oyeadifoUue  SS 
given  by  De  Gandolle  is  not  applicable  to  them.  It  seems,  therefore, 
that  the  name  should  be  retained  for  this  species,  though  the  point 
mnst  remain  doubtful  until  reference  can  be  made  to  literature  not 
accessible  in  Soath  Africa. 

This  species  is  a  marked  sun-plant  growing  under  conditions 
of  extreme  insolation.  Occasionally,  as,  for  example,  on  the  sttep 
banks  of  the  Thomas  River  near  the  railway  l)ridge,  it  is  found  in 
the  neighbouihoud  of  water,  but  in  all  cases  its  habitat  is  such  as  to 
demand  a  high  degree  of  adaptation  to  xerophytic  conditions.  The 
plant  branches  freely,  chiefly  from  the  subterranean  part  of  the 
stem,  and  consequently  the  occurrence  of  "clumps"  consisting  of 
plants  of  various  sizes  is  very  characteristic.  The  trunk  attains  a 
height  of  12  to  15  ft.,  and  then  gradually  falls  over  to  a  recumbent 
or  prostrate  position,  in  whicli  it  still  produces  new  leaves  and  cones 
apparently  as  readily  as  when  it  stood  erect.  Branching  sometimes 
occurs  above  ground  (Plate  VI.,  fig.  1).  The  removal  of  a  thin  layer  of 

*  In  the  Ktiuly  of  this  species  1  have  received  much  valuable  assistance  from  nj 
friend  Mr.  E.  E.  Uuipiu,  F.L.ti.,  of  Queenstown. 
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Boil  from  the  base  of  the  trunk  exposes  a  dense  mass  of  apo<4eotropic 
roots  of  the  usual  type.  It  was  hardly  to  be  eiqpeoted  that  they 
would  be  so  abundantly  developed  in  such  a  loose,  dry  soil. 

Cones  are  prodnoed  freely,  but,  so  far  as  can  be  ascertained,  none 
of  the  plants  on  the  ridges  near  Qaeenstown  coned  in  1905;  the 
majority  then  bore  old  cones  in  a  more  or  less  disintegrated  con- 
dition. Each  crown  bears  a  whorl  of  4  to  G  cones  (Plate  VL,  fig.  1), 
and  both  they  and  the  crown  are  clothed  with  a  particularly  dense 
tawny  wool  ("  tomcnto  triticei  coloris,''  Lehmann)—a  condition  which 
leads  one  to  wonder  how  the  pollen  escapes  from  the  male  oone  or 
gains  entrance  between  the  sporophylls  of  the  female.  The  photo- 
graph reproduced  was  taken  in  September,  I'JOa.  Eight  nionths 
later  the  cones  had  fallen  away,  and  fi'om  the  summit  of  the  stem  a 
new  crown  of  leaves  had  arisen. 

Owing  to  the  comparatively  high  latitude  of  the  locality  of  this 
species,  its  proximity  to  the  lofty  Stormberg-Drakensberg  range,  its 
distance  from  tlie  sea,  and  its  high  altitude — 4,700  ft.  and  perhaps 
even  higher — it  is  probably  exposed  to  stronger  illumination  and  to  a 
greater  range  of  temperature  than  any  other  South  African  Cyoad. 
Some  idea  of  the  dimatio  oondiUcms  may  be  gathered  from  ih« 
meteorologioal  date  for  Queenelown  (sitnated  somewhat  to  the  north 
of  the  oentre  of  ito  area  of  distribation),  which  are  given  at  the 
end  of  the  paper.  The  range  of  temperatore  to  which  most  members 
of  this  species  ace  tobjected  must  be  considerably  greater  than  that 
disclosed  by  the  Qaeenstown  records.  While  the  dense  tomentom 
which  dothes  the  cones  is  perhaps  an  adaptation  to  this  condition, 
it  is  not  nnlilcely  that  the  species  is  farther  ad^ted  by  modifications 
in  certain  stages  of  its  life-histoty— as,  for  example,  a  shortening 
of  the  periods  of  the  development  and  germination  of  the  poUen. 
Fertilisation  most  very  generally  oocor,  for  in  September  1906, 
seeds  with  well-developed  embryos  were  abundant.  A  detaUed 
etody  of  its  Ufa-history  therefore  promises  results  of  unusual 
interest,  and  will  be  undertaken  when  the  next  crop  of  cones 
appears. 

Ekobpbalabtos  ALTBNSTBnni,  Lehm. 

{Bot.  Mag.  tL  7162,  7163.) 
(Plates  VI.,  fig.  2 ;  VIL,  fig.  1.) 

In  the  bush  which  clothes  the  steep  banks  of  the  rivers  entering 
the  sea  in  the  neighbourhood  of  East  London  occurs  the  well-known 
arborescent  Enccpkalartos  Altcnsteinii.  Tt  is  found  in  sunny 
situations  in  the  more  open  bush  (Plate  VII.,  fig.  1),  or  clinging 
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to  the  preoipitons  rock-faces  overhanging  the  rivers,  or,  perhftps 
more  frequently,  in  the  dense  shade  of  the  forest  (Plate  VI.,  fig.  2). 
Very  coinmonly  associated  with  it,  particuhurly  in  shaded  localitieii. 
is  the  epiphvtic  fern  Pohipodiiim  africnnum. 

A'egetative  reproduction  hy  subterranean  br;inchin<^  is  much  less 
connnon  tlum  in  K.  Fridcrici  (iiiilielmi.  Branching  above  the 
ground-level  is  frequent,  but,  so  far  as  I  have  seen,  occurs  only 
in  specimens  exposed  to  sunlight  and  ^nowing  not  far  from  water. 
In  the  type  usually  met  witli  the  main  trunk  has  maintained  its 
vertical  direction,  while  a  lateral  branch,  at  first  almost  horizontal, 
curves  upwards  and  becomes  parallel  with  its  parent  (Plate  VII., 
fig.  1).  A  very  remarkable  case  of  branching  may  be  seen  on 
the  steep  left  bank  of  the  NaliDon  l\iver,  some  20  ft.  above 
water-level.  Six  lateral  branches  and  a  large  bud  arise  from  the 
main  trunk  about  3  to  4  ft.  ai)Ove  th^^  ground.  Four  or  five  feel 
higher  up  is  the  leafless  top  (May  19UG)  of  the  main  trunk,  and, 
just  below  it,  five  other  stout  branches  and  a  multitude  of  un- 
developed adventitious  buds.  The  brauches  are  all  as  thick  or 
thicker  than  the  main  trunk.  On  one  branch  were  the  remains  of  a 
mftle  oone.  We  have  here  a  single  plant  bearing  eleven  eEOwm  of 
leaves,  and  with  every  indieation  that  its  potentiality  of  branching 
is  not  yet  exhausted.  It  will  besr  comparison  with  the  old  braoebed 
tree  of  Gyca»  eircinaUt  represented  in  Eittlits's  picture  (2V»(u.  Bot^ 
pi.  vl),  though  in  point  of  siae  it  falls  far  behind  the  specimen 
seen  in  Natal  by  Sanderson  and  referred  to  by  Sir  Joseph  Hookar 
in  his  aooonnt  of  tins  species  {Bot,  Mag.t  le.).  The  aeelq^ 
Tylophora  tyringmfolia  was  epiphytic  on  two  branched  specimens  of 
tlds  Cjrcad ;  its  tuberous  stun-base  was  so  tightly  wedged  in  the 
angle  between  the  branch  and  the  main  stem  that  it  coold  not  be 
removed  entire. 

No  cones  nor  vestiges  of  cones  were  found  on  plants  growing  in 
the  dense  bush  (May  1906).  A  minority  of  those  exposed  to  sun- 
light shewed  remains  of  male  or  of  female  cones,  hot  no  yonng  nor 
perfect  cones  of  either  sex  were  seen.  The  production  of  cones  by 
this  species  in  this  locality  must  be  much  less  frequent  than  in 
E*  Friderici  GuUielmi.  It  may  be  noted  that  plants  of  E,  AUsnsieinii 
under  cultivation  in  Cape  Town,  far  to  the  west  of  the  eastern  limit 
of  the  species  and  subject  to  very  difTerent  climatic  conditions, 
usually  cone  with  great  regularity  at  intervals  of  about  two  years. 
On  the  other  hand,  the  cone  figured  in  the  Botanical  Magazine  {I.e.), 
from  a  plant  grown  near  Norwich,  appeared  thirteen  years  after  the 
one  which  innncdiately  preceded  it. 

There  is  current  a  general  statement  that,  except  in  the  geons 
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Gyoas,  the  eones  are  tenniiial  on  the  eitem,  and  that  the  latter 
in  ooneequence  becomes  a  sympodinm.  This  is  not  true  for 
£!neephalartos  Fn'dcrici  ChtiMmi  nor  for  E.  Altensteiniu  In  both 
eases  we  have  in  both  sexes  a  group  of  three  to  six  cones  arranged 
^mmetzioally  round  the  apex  (Plate  V.,  lig.  1.).  Later,  when  the 
apex  resumes  growth*  the  cones  are  displaced  radially,  and  the  next 
crown  of  leaves  appears  in  the  centre  of  the  whorl  of  cones.  It  is 
olear,  therefore,  that  in  these  species  the  summit  of  the  vegetative 
cone  remains  vegetative  and  continues  the  growth  of  the  stem. 

Encephalartos  villosus,  Lem. 

{Bot.  Miuj.  t.  mrA.) 

(Plate  VII.,  fig.  la.) 

This  species  is  quite  as  abundant  as  E.  Altemteinu  in  the  East 
London  bush.  It  appears  that  it  is  confined  to  shady  situations 
(Plate  VII.,  fig.  2),  and  never  occurs  on  the  open  veld.  The  stem, 
said  to  he  "  rarely  deve1()])ed  in  imported  and  cultivated  specimens  " 
{Tkuelton-Dyer  in  Bot.  Mag.,  Lc),  seems  to  be  always  subterranean 
in  its  native  bush ;  it  is  large  and  tuberons,  and  is  covered  by  stout 
leaf-bases.  The  scale- leaves  are  densely  villous.  Apogeotropic 
roots  arise  from  the  lop  of  the  main  root.  Its  leaves  are  longer  and 
fewer  in  numher  than  those  of  K.  AUcmtcinii ,  hut  in  other  respects 
resendile  them.  Its  range  is  extensive.  It  occurs  in  Natal,  where, 
as  I  am  informed  by  ]\Ir.  Medley  Wood,  "  it  is  always  found  in 
shade,  and  the  trunk  never  appears  above  the  gi  onnd  ;  "  at  Kentani 
in  the  Transkei  (.V/,v.s'  Poller)  ;  abundantly  in  the  nei^dihourhood  of 
East  London  ;  and  1  luive  received  a  cone  from  Messrs.  Smith  Bros., 
of  Uitenliage,  though  I  do  not  know  that  it  occiu's  in  the  wild  state 
so  far  west  as  this.  Mr.  James  Sim  writes  that  between  East 
London  and  Kingwiiliamstown  it  does  not  extend  more  than  20  miles 
inland. 

In  some  localities  at  lr;ist  this  species  rarely  cones  under  natural 
conditions.  Miss  Pegler  has  sent  me  one  male  cone  from  Kentani, 
and  has  informed  me  of  the  existence  there  of  another  and  of  a  plant 
sorroiiiided  by  young  seedlings ;  she  states,  however,  thai  **  cones 
are  rare."  Fkom  Mr.  J.  Sim  I  have  also  received  a  female  oone 
obtained  m  the  Grey  Forest,  East  London.  Messrs.  Wood  and 
Battroy,  of  East  London,  who  have  the  plants  in  the  unmediate 
neighbonrhood  under  constant  observation,  have  never  foond  oones, 

*  But  sonMkiiiUB,  apparently,  in  E.  Friderid  OtdU^mi,  fhe  oone  *'ez  spies 
madioU  aolot  «gradiUur  ei  eraotns  "  {Lekmann). 
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and  I  WftS  unable  to  find  any  traces  of  them,  thongh  Mr.  Battray 
drew  my  attention  to  an  old  plant  around  which  were  growing  a 
oon8ider:il)le  number  of  small  ones,  apparently  seedlings.  On  the 
other  hand  I  found  a  male  cone  on  a  plant  growing  in  a  fairly  (^md 
situation  in  the  Queen's  Park  at  East  Tiondon,  and  saw  a  coning 
fomalo  ill  the  j^arden  nf  "Nfr.  W.  Smale,  o£  East  London.  Mr.  Smale, 
who  has  known  this  plant  for  fifteen  years,  informs  me  that,  with 
one  or  perhaps  two  exceptions,  it  has  produced  cones  annually.  In 
cultivation  in  the  northern  hemisphere  cones  '*  have  been  repeatedly 
produced  "  {Thhclton-Dycr,  I.e.). 

Miss  Pej^ler  lias  made  tiie  following  olisorvations  on  the  rate  of 
growth  of  a  male  cone  on  a  wild  plant  jirowing  on  the  bank  of  a 
stream- bed  (usually  dry)  in  the  Kentani  forests: — 
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On  April  dth  (he  sporophylls  began  to  separate,  and  on  May  5th 
ihey  were  open  to  their  fullest  extent  and  the  pollen  was  falling 
freely.   See  Text-fig.  1. 

The  oone  therefore  shewed  two  distinct  periods  of  growth,  viz., 
from  Januar\'  29th  to  Febmary  24th,  and  from  April  5th,  when  the 
sporophylls  began  to  separate,  until  its  elongation  ceased  on  May  6th. 
During  the  intervening  period  of  forty  days  the  most  rapid  elonf::i 
tion  of  the  peduncle  occurred  while  the  axis  of  the  cone  itself  added 
only  2^  in.  to  its  length.  In  Stangeria  and  in  other  ^eeies  of 
Encephalartos  it  is  ascertained  that  the  microsporan^ia  contain  adult 
pollen-grains  when  the  sporophylls  hej^in  to  separate.  It  may  there- 
fore be  assumed  that  during  the  forty  days  in  which  the  elonp;ation 
of  the  cone-axis  was  exceedinjily  slow,  the  development  of  tlie  polkm- 
^rains  from  an  early  condition  of  the  archesporium  was  tukin;^'  place. 
The  greatly  accelerated  increase  in  length  which  occurred  after 
April  21st  may  possibly  have  been  influenced  by  a  three  days'  rain, 
which  fell  between  that  date  and  April  28th,  though  the  grow^ 
of  the  peduncle  was  not  appreciably  aUected  by  it. 
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Similar  observaLions  have  not  yet  l^een  made  on  a  female  cone  in 
.a  state  of  nature.  Mr.  Sraale  saw  the  first  sign  of  tlie  cone  referred 
to  above  on  January  23,  1900;  when  I  examined  it  on  ^lay  3rd 
it  was  15  in.  out  of  the  ground  {i.e.  coue  aud  peduncle)  and  ihe 
sporophylls  were  still  closely  shut. 

Miss  Pegler  further  observed  with  regard  to  the  same  male  oone 
.that  on — 

March  17  th  the  cone  emitted  a  pleasant  odour  resembling  that  of 

fresh  honey  ; 

May  3rd  the  odour  had  ))ecome  unpleasant  ;  several  weevils  weiB 
seen  on  the  pollen-sacs  but  could  not  be  captured  ; 

May  5th  the  odour  was  "  horrible,"  penetrating  and  persistent. 
The  weevils  seen  on  May  3rd  were  no  longer  present,  but  in 
their  place  were  many  of  a  smaller  kind. 

Miss  Pegler  was  able  to  capture  several  of  the  smaller  weevils  seen 

•on  May  5th.  Mr.  P^ringuey  has  kindly  identified  these  for  me  as 
PhUjBophmjus  hisj)ulus,  Schh.   This,  and  another  species  of  the  same 

.genus,  P.  ebcninus,  Schh.,  were  among  the  numerous  beetles  which 
Ecklon   and  Zeyher  colleoted  "  in   Zamia  CaffrjB "  {Schoenherr, 
1,049, 1,051).    All  the  specimens  of  P.  hispidus  obtained  from  this 
•cone  carried  pollen  on  the  hispid  parts  of  the  body,  which  would 
naturally  follow  from  the  condition  of  the  sporophylls  on  the  date  of 
their  capture.    In  addition  there  was  a  compact  mass  of  pollen  on 
the  tip  of  the  rostrum  of  every  specimen  examined  (Plate  VIII., 
lig.  1).    The  mass  was  securely  attached,  possibly  by  mucilage 
exuded  from  the  tissues  of  the  cone  itself  with  which,  indeed,  other 
parts  of  the  insect  were  besmeared.    Mr.  Pc^-inguey  informs  me 
that  the  members  of  this  genus  usually  feed  upon  the  bark  of  trees, 
and  all  are  winged.    P.  hisjjidiis  has  at  present  only  been  found  on 
Cycads.    Too  much  stress  must  not  be  laid  upon  these  few  facts, 
but  it  may  be  admitted  that  they  are  sufficient  to  establish  a  pro- 
bability that  the  weevil  is  concerned  in  pollination,  and  make  it  ver^- 
desirable  that  further  information  regarding  its  habits  and  life-hist<:)ry 
shouKl  be  obtained.    With  reference  to  this  matter,  it  may  be  noted 
that  the  habitat  of  E.  villosus  and  the  position  of  its  cones  must, 
in  most  cases,  render  wind-pollination  impossible,  for  the  bush  is 
usually  so  dense  that  the  aur  a  few  leet  above  the  ground  can  rarely 
move  rapidly  enough  to  enable  it  to  carry  even  so  lif^t  a  snbetaooe 
M  pollen.  The  same  consideration  i^liee,  but  in  a  somewhat  less 
degree,  to  forest  specimens  of  E.  Altmsteinii. 
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Strasbiirger  discussed  the  pollination  of  the  ^yninosperms,  and 
nrrived  at  the  conclusion,  which  has  been  generally  accepted,  that 
aneuiophily  holds  throu^diout  the  group.  Tliere  are,  however,  in- 
dications that  entomophily  occurs  in  the  Gnetaceti?  (Pearson).  On 
the  ground  that  so  many  pollen-^'rains  are  found  in  the  chamber  of 
a  pollinated  ovule,  Sir  Josepli  ]I(X)ker  has  recently  su^jjestcd  lluit  the 
Cj'cads  also  are  entomophilous  (Oliver  and  Scott).  This  suggestion 
is  supported  by  the  facts  now  recorded  as  well  as  by  the  observation 
that  a  strong  odour  is  developed  in  the  male  cones  of  a  Cycas,'''  and 
probably  aleo  in  olher  memben  of  the  family.  That  a  wy  largo 
proportion  of  the  ovnles  of  a  cone  become  pollinaiedf  mnst  be 
regarded  as  additional  evidence,  for  if  the  poUem  were  entirely  wind- 
o«rried  it  might  rensonably  be  expected  that  only  thoee  situated  on 
the  nsnally  windward  side  of  a  bulky  cone  woold  receiTe  pollen.  So 
far  as  I  am  aware  there  are  no  records  to  show  that  this  is  ever 
the  oaee.  The  whole  question  derives  additional  interest  when  con- 
sidered in  the  light  of  the  recently  described  structure  o|  the  oupule 
of  the  seed  of  the  palsosoic  Pteridosperm  Lagenostcma  Lomaxi 
(Oliver  and  Scott),  It  seems  not  unlikely  that  the  entomophilous 
habit  is  of  considerably  older  standing  than  has  hitherto  been 
believed.  In  this  connection  the  fact  that  the  group  to  which  the 
genus  PhlflBophagus  belongs  includes  what  the  entomologists  regard 
as  the  most  ancient  surviving  forms  of  the  Goleoptera  may  not 
be  without  significance. 

Stanghbia,  sp. 

(Plate  VIII.,  ligs.  2,  3.) 

Among  the  grasses  of  the  park-formation  on  the  tops  and  upper 
slopes  of  the  ridges  near  East  London  is  found  a  species  of  Stangeri<k 
Its  distribution  is  very  local,  but  where  it  does  occur  it  is  present  in 
considerable  mnnbers.    It  is  pxesent  also,  but  sparingly,  in  the 

neighbouring  bush.  This  form  occurs  also  in  the  open  country  at 
Kentani  (Miss  Peglcr),  and  as  far  west  as  Port  Elizabeth  (Rat tray). 
It  dififers  from  .S'.  paradoxa  of  tlie  Botanical  Magazine  (t.  5I2I), 
which  in  Cape  Colony  seems  to  be  confined  to  the  forest,  though 

*  AtpnsentlkiiowofnoimUidMdreoordirfthlBobMrTation.  I  am  Indebted 

to  Professor  D.  H.  Campbell  for  the  informntiou. 

t  A  large  number  of  ovules  removed  at  random  from  a  cone  of  E.  Altetisteiniit 
from  Amalindft,  near  Kmt  London,  were  dissoctod  and  the  poUen-cbambers 
ftud.  Nearly  all  this  material  htm  been  examined,  and,  lo  far,  every  ornle  has 
provsd  to  be  pollinated. 

24 
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forms  which  are  more  or  less  intermediate  are  oooanonaUy  foond. 
"The  principal  differences  expressed  in  tabular  form  are: — 


Siangeria^  sp. 
Petiole  and  rachis  grooved  on 

ventral  face. 

Great  majority  of  leaf-segments 

with  rounded  or  obtose  apices. 
Margin  of  leaf-segment  in  great 

majority,  entire  and  revolute. 
Upper  margin  of  sporophyll 
and  %  )  usually  rounded. 


S.  paradoxa  (B.M,,  t  5,191). 
Petiole  and  raohis  terete. 

Apex  of  leaf-segment  aoominate- 

acute. 

Margin  usually  flat  and  distinotly 
serrate. 

Upper  margin   ci  sporophyll 
usually  more  or  leas  aeuminats. 


While  the  form  characteristic  of  the  open  grass-veld  is  so  distinct 
from  that  of  the  forest  that  one  would  not  hesitate  to  regard 
them  as  diffennu  specios,  it  must  bo  admitted  tliat  the  occasional 
appearance  of  a  form  to  some  t^xtent  intermediate  l)etween  tlie  two 
necessitates  a  fuller  knowledge  of  both  before  a  definite  conclusion 
can  be  arrived  at.    The  form  occurring  on  the  open  grass- veld  of 
East  London  and  Kentani  is  usually  known  here  as  S.  Katzen 
(Eegel),  though  neither  the  identification  nor  the  claim  of  N.  Katzeri 
to  rank  as  a  species  is,  in  my  opinion,  sulliciently  established.  Mr. 
Medley  Wood  writes  to  me  of  plants  which  "  I  have  frequently  seen 
in  Zululand  ...  on  the  hillsides  in  quite  open  ground,"  and  "the 
only  difference  \\liicii  1  can  see  between  them  and  S.  paradoj-a  is 
that  the  leaves,  or  some  of  them,  are  often  slightly  serrated,  while 
those  of  plants  growing  in  the  shade  are  entire  " — which  is  the  re- 
verse of  our  experience  farther  south.    The  current  statement  that 
Stang&ria  is  a  monotypic  genus  oan  only  be  proved  or  disproved  by 
the  study  of  a  large  number  of  specimens  from  many  dlffiBceot 
localxtieB. 

The  forest-form  of  S.  paradoxa,  as  is  well  known,  was  fiis* 
described  from  Natal  specimens.  It  is  also  recorded  from  East 
Pondoland  (T.  B,  Sim,  2,4901),  and  occurs  as  far  south  as  the 
Manulu  Forest  {Pegler,  14S47 1),  firom  which  locality  I  have  received 
an  exceedingly  interesting  collection  of  male  cones  in  various  sts^yas 
of  developmant  kindly  obtained  for  me  by  Mr.  8.  Allen,  of  the  Manuhi 
Forest  Station.  These  will  form  the  subject  of  a  separate  paper. 

The  following  remarks  refer  to  plants  growing  on  the  open  veld 
near  East  London.  The  stem  is  entirely  subterranean  and  ^ipean 
to  branch  profusely.  Mr.  Battray  has  kindly  been  at  the  trouble 
to  excavate  a  number  of  specimens,  and  finds  that  branching  occurs 
quite  commonly.   The  specimen  figured  (Plate  VIII.,  fig.  3),  which 
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was  sent  to  mo  l)y  Mr.  Rattray,  shows  three  main  branches,  of  which 
one  (on  tlic  left)  ah-eady  sliows  clear  indications  of  further  branching. 
The  whole  >tem  is  undoul^tedly  a  sympodium.  liemarkable  as  this 
specimen  appears,  Mr.  Rattray  r(  ft-rring  to  it  says,  "Even  the  speci- 
men 1  sent  gives  you  but  little  idea  of  the  extent  to  which  they  branch. 
To  day  I  started  to  dig  up  wliat  I  hoped  was  a  young  plant,  and 
found  it  to  be  only  a  small  branch  of  quite  a  number."  This  habit 
wiil  account  for  the  fact  that  the  plants  are  so  frtMpicntly  found  in 
clumps.  Each  stem  (or  branch)  produces  one  or  two  leaves  and,  so 
far  as  I  have  seen,  never  more  than  one  cone  (<  /.  Bot.  Md'j.,  I.e.), 
which  arises  from  an  involucre  of  scale-leaves.  The  cone  stands  a 
few  inches  above  the  ground,  and  is  only  seen  on  removing  the 
smToanding  grasses  (Plate  VIII.,  fig.  2.).  The  peduncle  is  some- 
times six  or  more  inches  long,  its  length  being  probably  dependent 
upon  the  height  of  the  sorrotmding  vegetation  (Plate  Vni.,  iig.  3). 
Speoimeiis  tent  me  by  Ifr.  Wood  from  the  vicinity  of  the  Nahoon 
River  show  that  the  foliage  also  of  plants  growing  among  tall  grasses 
becomes  taller  and  more  robust.  The  fact  that  the  oones  are 
concealed  among  the  grass  is  opposed  to  the  view  that  wind>polli]i»> 
tion  occurs.  Further  information  with  reference  to  this  matter  will, 
it  is  hoped,  be  forthcoming.  Apogeotropio  roots  are  usaally  found 
and  are  inhabited  by  a  Nostoc.  Their  development  is  less  marked 
than  in  Encephalartos  Friderici  GuiUelmi,  which  grows  in  a  drier 

SUMMABY. 

1.  Subterranean  branching  is  a  mark(»d  feature  of  KncepltaUwtos 
Fridcrici  Giiilu-lml  and  of  Stauiicria.  In  both  cases  it  plays  a  part 
in  vegetative  reproduction  not  less  important  than  in  many  ferns 
with  subterranean  rhizomes. 

2.  The  cones  are  lateral  in  position  in  E.  Fridcrici  (iuilielmi  and 
in  F.  AKoistcinii,  and  the  growth  of  the  stem  is  in  both  cases 
monopodial. 

3.  F.  Fridcrici  Guiliclmi,  which  is  subject  to  strong  insolation, 
cones  much  more  freely  than  either  E.  Altenateirtii  or  E,  villosus — 
both,  especially  the  latter,  being  shade-species. 

4.  In  E,  AH$n$i8inii  oones  are  not  infrequent  on  plants  growing 
in  mofe  or  less  open  positions  exposed  to  sunshine.  As  far  as  is 
known  they  occur  very  rarely,  if  at  all,  on  plants  in  densely  shaded 
situations.  A  few  observations  support  a  similar  conclusion  for 
E.  villosm  icf.  Pfeffer,  pp.  91,  92). 

5.  It  is  probable  that  other  exceptional  conditions  such  as  are 
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implied  in  culbivation  also  act  as  a  stimulus  to  the  production 

of  cones. 

6,  In  E.  Altensteinii  branched  specimens  seem  to  occur  only  in 
illuminated  situations  {rf.  Pfcffer,  p.  1)3),  and  usually  if  not  always, 
near  water — conditions  wliicli  are  both  favourable  to  nutrition. 

7.  There  is  a  distinct  probability  that  entomophily  occurs  in 
E,  vUloitu.  The  position  of  tbe  cones  of  Staiu/eria  with  respect  to 
the  surrounding  vegetation  points  to  the  inefficiency  of  tbe  wind 
as  a  poUinating  agent. 

fiOTANiCAL  Laboratory, 

South  Afiucan  Collmb. 


SfBTEOBOLOGICAL    DATA    lOB   QUEENSTOWN  ANI> 

EAST  LONDON  * 


*  Chiefly  from  Stewart,  1905. 
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EXPLANATION  OF  PLATES. 

Plate  VI. 

Kg.  1.  A  branched  tree  of  Enrophalartos  Fridcriri  GitiHehni 
growing  on  the  top  of  a  ridge  (4,700  ft.)  above  Qu-  onstown,  with 
an  unbranched  specimen  in  the  middle  distance  on  tiie  ri^ht.  The 
branch  on  the  left  shows  a  whorl  of  5  disintegrating;^  S  cones,  and 
the  well-marked  altrrnation  of  scale-  and  foliage  leaves.  The  doleritic 
boulders  among  wkioh  this  spocies  flo.urisbes  are  also  seen  (September 
23. 1905). 

Eig.  2.  E^AlUiuteinii  in  dense  bosh  on  the  left  bank  of  the  Bn&lo 
River  near  East  London.  Among  the  leaf-bases  are  nnmerons  pknta 
of  the  epij^ytic  Polfpodium  afrieanum.  The  walking-stiok  leans 
against  the  tnmk  of  Trichocladus  eUiptieui.  A  young  plant  oC 
Buxus  MaeOwani  is  seen  at  the  base  of  the  trunk  of  the  Enoepha- 
larioe.  A  little  higher  up,  plaoed  hotisontally  and  slightly  out  off 
foous,  are  flowering  btanclies  of  Niebuhria  triphylla  (April  30, 1906). 

ThATE  VIL 

Vig.  1.  Encephalarto8  Altemteinii,  in  open  bush  on  the  right  bank 
of  the  Naboon  Biver.  In  front  of  the  branched  trunk  is  a  stem  of 
the  deciduous  Ckmviiphora  eariafolia  (May  2, 1906). 

Fig.  2.  E.  villosus,  growing  a  few  yards  from  the  E.  Altenst4*inii^ 
shown  in  Plate  Vi,  fig.  2.  In  the  foreground  in  front  of  the  walking- 
stick  is  an  uprooted  young  plant  showing  the  tuberous  stem  oovered 
by  leaf-bases  (April  30, 1906). 

PiATK  vin. 

Fig.  1.  Bostrum  of  PhLonphagm  hupidm  with  adherent  poDen 
from  ^  oone  of  Ene^halartos  viUoitu,  x  66. 

Fig.  2.  Staufii'i-ia,  sp.  Two  leaves  and  a  ^  oone.  Grass-veld 
near  East  London  (May  2,  1906). 

Fig.  3.  Stctngeria,  sp.  (^ ),  from  the  same  looaUty,  showing  under- 
ground  branching.  In  front  of  the  speoimen  lie  a  ^  cone  (obtained 
by  Mr.  Battray  *'  among  long  grass  ")  and  a  footrule.  (Photographed 
by  Mr.  W.  T.  Saxton.) 
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Plate  VI. 


H.  W.  p.  phot. 


Fig.  2. 


West,  Newman  proc. 
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Plate  VII. 


H.  H.  W.  P,  phot. 


Fig.  2. 


Traus.  S.  Afr.  Phil.  Soc.  Vol.  XVI. 


Plate  VII  r. 


H.  U.W  P.phot.  Fig.  2.  Fig.  3.  W.T.S.phol. 


Welti,  Newtuku  proc. 
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ON  THE  EABLY  DEVELOPMENT  OS*  THE  APPEN- 
DIOULAB  SKELETON  OF  THE  OSTBIOH,  WITH 
BEMABKS  ON  THE  OBIQIN  OF  BIRDS. 

Bt  B.  Bbook,  M.D.,  D.Ba.»  Yiotoria  OoUege,  SteUenbotoh. 

(Bead  June  27,  1906.) 
(Plate  IX.) 

Though  the  struotore  of  the  skeleton  of  the  adult  ostrioh  hae  been 
fully  known  for  many  yean,  almost  nothing  has  been  done,  so  far  as 
I  am  aware,  in  the  study  of  the  early  development.  As  the  ostrioh  is 

one  of  the  most  primitive  birds  at  present  alive,  it  seemed  to  me 
advisable  that  the  early  conditioD  of  the  skeleton  should  be  examined, 
as  it  might  possibly  throw  some  light  on  the  anoestry  of  the  birds. 
Jeffery  Parker  has  carefully  studied  the  development  of  the  skeleton 

of  the  Apteryx,  and  Kitchen  Parker,  besides  his  work  on  the  develop- 
ment of  the  skull  of  the  ostrich,  domestic  fowl,  and  other  birds,  has 
done  much  to  elucidate  the  development  of  the  avian  appendicular 
skeleton.  The  early  development  of  the  bird's  pelvis  has  been 
studied  by  Johnson  and  Mehnart,  the  early  stages  of  the  wing 
by  Leighton  in  Sterna,  and  the  early  stu^^es  of  the  shoulder  girdle 
and  sternum  of  various  liiids  by  Miss  Lindsay. 

The  study  of  the  early  condition  of  tlie  ostrich  skeleton  confirms 
many  of  the  facts  discovered  in  other  birds,  aud  also  enables  us  to 
add  one  or  twu  points  of  interest. 

I  have  examined  two  stages  of  the  ostrich  embryo,  the  one  of 
10  days'  incubation  aud  the  other  of  11  days.  These  are  approxi- 
mately equal  to  the  7-  and  8-day  embryos  of  the  domestic  fowl.  The 
shoulder  girdle  and  pelvis  have  been  studied  by  taugeutial  and 
transyerse  sections  and  the  limbs  by  series  of  sections  in  the  planes, 
of  the  manus  and  pes. 

Shouldbb  Gxsdlb  and  Stbbmuil 

The  shoulder  of  the  adult  ostrich  difSars  from  that  of  all  other 
birds  in  having  a  large  cartilage  bone  lying  in  front  of  the 
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«>raooid,  and  it  is  alao  lenuurkable  for  the  entire  abeenoe  of  the 
elaviole.  Whether  the  anterior  of  the  two  ventral  bonee  ia  a  pre* 
•eoraooid  or  merely  a  prooesa  of  the  aoapnla  has  been  anawnced  in 
<diSiBrent  ways  by  different  anthoritiea.  Though  many  have  zegaided 
it  aa  a  preooraooid  we  may  be  pretty  goie  from  what  we  now  hnow 
ot  the  morphology  of  the  preooraooid  in  primitiTe  reptilea  thai  the 
bone  in  the  ostrich  is  an  anterior  piooess  of  the  scapula  and  is  in  no 
way  homologous  with  the  true  precoracoid  of  early  forms.  A  bony 
<u  cartilaginous  precoracoid  probably  existed  in  all  StegocephaUan8» 
and  it  was  inherited  by  the  earliest  reptiles.  The  Synapsidan  group 
retained  it  in  a  well-developed  condition  owing  to  their  having  limbs 
for  walking  with  the  body  well  off  the  ground.  Thus  we  find  it  in 
the  Pareiasaurians,  the  Dinocephalians,  the  Therocephalians,  the 
Auomodonts,  and  the  Cynodonts.  It  is  even  handed  on  to  the 
mammals  and  is  present  in  OrniihorJiyncJuis  and  Echifhm.  It  is 
very  doubtful,  however,  if  any  trace  of  it  occurs  in  higher  mammals. 
In  the  other  group  of  reptiles,  the  Diapsidan,  it  was  very  early  lost, 
and  is  only  known  to  occur  in  the  Pelycosauria,  Mesosauria,  and 
Procolophonia.  In  no  other  Diapsidan  n  ptilian  order  does  any 
trace  of  the  precoracoid  remain.  Whatever  may  have  been  the 
ancestor  of  the  bird,  it  is  scarcely  doubtful  that  it  was  a  well- 
advanced  Diapsidan  reptile,  and  if  the  ancestor  had  already  lost  the 
precoracoid  it  is  impossible  fur  the  descendant  to  have  acquired  it 
anew.  Against  the  anterior  ventral  bone  of  the  ostrich  being  the 
precoracoid  there  is  also  the  pretty  conclusive  fact  that  it  never  has 
a  distinct  centre  of  ossification. 

So  far  as  I  am  aware  the  only  work  that  has  been  published  on 
the  early  condition  of  the  ostrich's  shoulder  girdle  is  that  by  Miss 
lindsay.  She  has  dissected  ostrich  embryos  said  to  be  of  4,  7, 10, 
15,  21,  25,  and  27  days'  hatching,  and  describes  and  figures  »  niimbsr 
of  stages  of  the  shoulder  girdle.  TJnfortnnately  there  is  reason  to 
believe  that  some  serioos  mistake  has  been  made  in  the  age  of  the 
embryos.  The  embryo  she  figures  as  of  4  days  is  httger  and  mora 
advanoed  than  one  in  my  possession  of  8  days'  ineobation.  It  is 
possibly  an  embryo  of  0  or  10  da^ya'  incubation.  The  one  figured  as 
of  7  days  is  distinetly  larger  and  more  advanced  than  one  I  have  of 
11  days.  Probably  it  is  an  embryo  of  19  days'  incubation.  Botii 
figures  are  on  too  small  a  scale  to  show  details  accurately.  In  both, 
three  toes  are  very  distinctly  shown  on  the  hind  foot,  tfacNigh  in  my 
specimens  there  is  little  external  evidence  of  the  second  digit. 

In  the  "4-day  embryo"  Miss  Lindsay  states  that  the  "scapula 
and  coracoid  are  not  united,"  and  also  that  **  the  coracoid  and  pie- 
oonMoid  are  separate."    A  figure  is  given  of  this  condttioB. 
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TJnlortunately  she  does  not  state  whether  she  regards  the  elements 
as  chondzified.  It  is  possible,  however,  that  they  are  not,  as  she 
appears  to  be  able  to  disaeot  out  the  elements  of  tiie  shoulder  girdle 
in  the  chiek  at  a  stage  when  sections  '*show  oomparatiTely  little 
difieientiation  in  tiie  eells."  Personally,  I  feel  oonsiderable  hesita- 
tion in  behering  in  stmeturas  which  can  be  got  by  dissection  bat 
cannot  be  seen  in  microscopic  sections.  At  any  rate  my  results  by 
microtome  methods  are  very  different  from  those  obtained  by 
Miss  Lindsay. 

In  the  10-day  ostrich  embyro  which  I  have  examined,  the  whole 
shoulder  girdle  can  be  distinctly  made  out,  but  it  is  not  yet  folly 
ohondrified.  The  ooracoid  and  scapula  proper  are  much  better 
differentiated  than  is  the  descending  process  of  the  scapula.  There 
is  further  no  trace  of  a  division  between  the  coracoid  and  scapula : 
both  are  merely  parts  of  a  sin<^'](>  i3ar.  The  coracoid  is  a  short,  broad 
structure,  with  a  well-developed  base  for  attachment  to  the  sternum, 
but  it  does  not  yet  meet  the  sternum.  In  the  middle  it  is  somewhat 
constricted  and  above  it  l»oadens  out  where  it  meets  the  scapula. 
The  axis  of  the  scapula  makes  with  that  of  the  coracoid  an  angle  of 
about  100^.  The  upper  part  of  the  scapula  is  long  and  narrow  and 
lies  nearly  parallel  to  the  axis  of  the  vertebral  column.  The  lower 
end  is  broad  and  turned  downwards  to  meet  ihe  coracoid.  Anteriorly 
it  is  continued  into  a  short,  badly  dilTereiitiated  prescapular  process, 
and  on  its  outer  side  is  a  well-marked  short  process  apparently 
correspond ing  to  the  "acromion  process"  figured  by  Jeffery  Parker 
in  the  Aptirijx.    There  is  no  clavicle  present. 

The  sternum  is  very  imperfectly  ditlerentiated,  but  can  be  fairly 
well  traced.  It  is  joined  by  5  ribs,  but  none  of  the  structures  are  as 
yet  chondrified. 

In  the  11-day  ostrich  embryo  the  girdle  is  well  cnondrified  except 
the  prescapular  process  which  is  still  procartilage.  The  coracoid  is 
more  elongated  than  in  the  earlier  stage  and  now  articulates  with 
the  sternum.  The  scapula  makes  with  the  coracoid  a  more  obtuse 
angle  than  before  and  has  its  posterior  end  expanded  somewhat. 
Anterioriy  it  curves  downwards  to  the  prescapular  process,  which 
is  well  dlevdoped  but  not  chondrified.  The  process  passes  down* 
wards  and  then  slightly  forwards  and  nearly  reaches  the  base  ol 
the  coraooid.  As  in  the  younger  embryo  there  is  no  trace  of  a 
clavicle. 

The  most  piobable  eiq^lanation  of  the  phylogeny  of  the  ostrich's 
ahonlder  girdle  seems  to  be  that  it  is  descended  from  a  reptilian  type 
flooh  as  is  seen  in  some  Phytosauzs,  where  there  is  an  elongated 
Aoapola  and  a  short  coracoid  which  is  withont  a  coracoid  foramen. 
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When  the  anoestor  of  the  ostrioh  became  a  flying  bird  the  eoraieoid 
would  beoome  elongated  to  aooommodate  a  large  pectoral  miiade, 
and  there  would,  donbtlese,  be  a  large  dayicle.  The  lO-day  embryo 
still  shows  evidences  of  the  flying  ancestor  in  the  weU-marlrad  an^ 
which  there  is  between  the  scapola  and  coracoid.  As  the  power  of 
flight  became  lost  the  clavicle  disappeared.  We  find  in  the  emn  a 
shoulder  girdle  something  like  that  which  the  primitive  ostrioh  prob- 
ably had  before  it  completely  lost  the  clavicle.  As  the  clavicle 
disappeared  its  place  was  to  some  extent  taken  by  the  anterior 
process  of  tho  scapula,  whicli  gave  a  better  protection  to  the  front  d 
the  chest  than  the  loose  clavicle.  There  seems  to  me  to  be  no  evidence 
that  the  anterior  process  of  the  scapula  is  in  any  sense  homologous 
with  the  preooracoid  of  the  early  reptiles.  In  a  number  of  the 
hi<;her  Sauropsida  the  need  for  an  anterior  ventral  bar  to  the 
shoulder  ^jirdle  occurs,  and  in  each  the  requirements  are  fulliUed 
by  a  process  from  the  scapula.  Thus  in  the  Chelonians  we  got  an 
enormous  ventral  scapular  development,  and  in  the  Plesiosaurs  the 
ventral  development  of  the  scapula  is  usually  even  greater  than  the 
dorsal. 

Antbbior  Limb. 

In  the  l()-(lu\-  eniliryo  rlie  skeletal  structures  are  first  beginning 
to  becomt;  distinctly  chondrilied,  and  only  the  larger  elements  can 
be  made  out  with  certainty.  The  radius  and  ulna  are  short,  stout 
parallel  bars,  which  are  well  differentiated.  The  carpus  is  repre- 
sented by  a  large  mass  of  procartilage  in  which  is  very  clearly 
differentiated  a  large  uliuire  and  less  clearly  a  large  distal  element, 
which  is  probably  the  combined  carpalia  i,  2,  3.  The  metacarpus  of 
the  poUex  is  very  imperfectly  detined,  but  the  secoud  and  third 
metacarpals  are  well  developed  and  quite  distinct.  There  is  a  short 
but  quite  distinct  fourth  metacarpaL  In  fact  the  foorth  metacarpal 
is  very  much  more  distinct  than  the  fbst. 

In  the  11-day  embryo  most  of  the  elements  aro  well  defined. 
The  radius  and  ulna  are  large  and  of  about  equal  siise.  In  the 
carpus  thero  are  three  well-defined  elemento  a  very  large  radiale,  a 
large  distal  element  evidently  the  combined  carpalia  1,  9,  3,  and  a 
small  but  very  distinct  ulnars.  Four  metacarpals  are  seen.  The 
first,  second,  and  third  are  all  of  large  sise,  and  developing  phalanges 
can  be  seen  on  the  distal  ends  of  each.  The  fourth  metatarsal  is  of 
small  size,  but  still  quite  distinct. 

In  general  appearance  the  manus  is  somewhat  like  that  d  Apiergx 
as  figured  by  Jefibry  Parker.  In  judging  from  one  or  two  ol  his 
figures,  one  is  inclined  to  think  that  probably  the  two  forms  roeoroblo 
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one  another  more  closely  than  would  appear  from  the  figures. 
From  his  figures  258  and  259  there  would  ajipear  to  be  a  large 
radiale  and  a  small  uhiarc  as  in  the  ostricli.  But  in  those  of 
the  earlier  stages  he  seems  to  interpret  the  appearances  otherwise. 
He  has  failed  to  discover  the  fourth  metacarpal. 

There  are  one  or  two  points  in  the  structuie  of  the  early  ostrich 
manus  o(  considerable  interest.  The  presanoe  of  four  digits  has 
previously  been  known  in  other  forms.  Leighton  has  figured  yarious 
stages  of  the  manus  of  Stoma  showing  the  fonr  digits,  and  there  can 
be  little  doubt  that  the  four  in  Sterna  are  the  same  as  the  four  in 
Struthio,  Whether  these  are  to  be  regarded  as  I.,  IL,  III.,  IV.,  or 
H,,  IIL,  lY.,  v.,  as  Leighton  seems  to  believe,  might  be  discussed  at 
some  length,  but  the  condition  of  affairs  in  Arehmopttfffx  appears  to 
conclusively  settle  the  matter.  There  can  be  little  doubt  that  the 
three^awed  digits  of  Arehaopteryx  are  homologous  with  the  three 
well-developed  digits  of  the  manus  of  the  higher  bird,  and  there  can 
be  as  little  doubt  that  these  are  I.,  11.,  IIL  from  the  phalangeal 
formula  being  2,  3,  4.  Kitchen  Parker  has  also  shown  that  in  the 
manus  of  the  chick  the  number  of  the  phalanges  proves  the  first  two 
digits  to  be  I.  and  II.  It  seems  unnecessary  to  discuss  the  remark- 
able  view  of  Hurst  that  AreheBopteri/x  had  five  digits  in  the  manus 
and  that  the  digits  that  are  preserved  in  the  higher  avian  manus  are 
IIL,  IV.,  and  V.  The  fact  that  the  first  and  second  digits  have 
never  more  than  2  and  3  phalanges,  and  from  their  bearing  claws 
are  manifestly  not  degenerate,  seems  to  me  conclusive  on  the 
subject. 

Another  point  of  interest  is  the  curious  circumstance  that  the 
ulnare  is  difTorontiatod  earlier  than  the  other  carpal  elements  and 
also  that  the  rudimentary  fourtli  metacarpal  is  relatively  larger  at 
10  days  than  at  11  days.  From  this  we  are  perhaps  justified  in 
concluding  that  the  fourth  digit  in  the  ancestor  of  the  bird  was  well 
developed. 

1'elvis. 

The  structure  of  thti  pelvis  of  the  adult  ostrich  has  long  been 
known.  In  1872  Garrod  and  Darwin  discovered,  in  addition  to  the 
well-known  elements,  a  small  hone  attached  to  the  front  of  the  pubis. 
This  they  believed  to  correspond  to  the  "  nuirsupial  bone  "  of  the 
lower  mammals.  Mivart,  in  his  work  on  the  ostrich  skeleton,  also 
relers  lo  it,  but  expresses  no  opinion  as  to  its  homologies.  In  most 
text- books  no  reference  is  made  to  it,  though  Beddard  mentions  it 
and  considers  that  it  is  conceivably  a  "  marsupial  bone." 

The  very  early  condition  of  the  avian  pelvis  has  been  studied  by 
Alice  Johnson  in  the  chick,  by  Mehnert  in  Larm,  and  by  Jeffery 
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Parker  in  Apteryx,  At  first  sight  it  might  well  seem  sopecfliioas  to 
repeat  saoh  work  even  with  a  new  type,  bat  every  one  who  has 
worked  mnch  at  skeletogenesis  will  admit  the  very  great  diffienlties 
of  the  snbject — difficulties  whioh  lie  not  in  the  appearanoes  so  mnoh 
«s  in  the  inteipretations  of  the  appearances.  When  cartilage  is 
developed  there  is  no  diffionlty  in  reoonstnioting  and  drawing  the 
chondrified  elements;  the  diffieolty  is  with  the  prooartilage — 
elements  or  parts  of  elements  whioh  are  going  to  become  cartilagss 
or  which  ought  to  become  cartilages  but  never  succeed.  In  a  good 
deal  of  the  work  which  has  been  done  in  early  embryos  the  difficulty 
is  got  over  by  ignot  iiij^  the  prooartilage  and  only  figuring  the  carti- 
lage. But  this  method  is  comparatively  useless.  The  proeartilagB 
is  much  more  important  to  the  morphologist  than  the  cartilage,  as  it 
is  the  procartilage  more  than  the  cartilage  that  recapitulates  the 
ancestral  characters  and  throws  Ught  on  the  phylogeny.  And  in 
dealing  with  early  embryos  it  is  frequently  well-nigh  imposaible  to 
differentiate  procartilage  from  otlirf  condensations  of  cells. 

In  the  10-day  ostrich  embryo  tlic  pelvis  is  well  developed  and 
much  of  it  is  chondritied.  The  ilium  is  of  large  size  and  is  developed 
both  much  in  front  of  the  acetabulum  and  far  behind  it.    The  pre- 
acetai)ular  portit)n  is  a  deep,  flat  plate,  which  extends  forwards  in  the 
direction  of  the  lumbar  vertebne.    Posteriorly  the  ilium  narrows 
very  considerably  and  curves  downwards  and  backwards  along 
the  curved   caudal  vertebric.     The   acetabulum   is   relatively  of 
large  size  and  is  imperforate,  being  conipletely  closed  by  the  ilium, 
pubis,  and  ischium.    The  pectineal  process  is  of  large  size,  but  it 
appears  to  be  formed  l)y  the  pubis  ratlier  than  the  ilium.    If  iliis  be 
so,  then  the  head  of  the  pubis  is  unusually  broad.    The  lower  part 
pas^^es  downwards  and  curves  slightly  backwards,  and  is  a  slender, 
cartilagiuous  rod.    At  its  lower  end  it  passes  into  a  broad  sheet  of 
precartilage  which  connects  It  with  the  ischium.   Near  tiie  lower 
end  of  the  cartilaginous  portion  a  slight  condensation  of  oonneetivie 
tissue  or  procartilage  cells  probably  represents  the  early  stage  of  the 
pi  epubis.  The  ischium  has  a  very  broad  head  which  joins  with  the 
ilium  and  the  pabis»  and  forms  much  of  the  aoetabulum.  From  this 
it  passes  downwards  as  a  broad  bar  of  cartilage,  then  curves  forwards 
as  it  passes  into  the  sheet  of  procartilage,  whioh  unites  it  with  the 
lower  end  of  the  pubis.  There  is  no  symphysis  of  the  pubes  or  isohia, 
each  being  a  oonsideraUe  distance  away  from  its  neighboor  of  the 
opposite  side. 

In  the  11-day  embryo  the  condition  of  parts  is  muoh  more  libs 
that  of  the  adult.  The  pectineal  process,  though  still  large,  is  rela- 
tively much  smaller.  The  pubis  and  ischium  are  longer  and  relatively 
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more  slender  and  they  pass  more  backwards.  The  connecting  band 
of  precartilage  is  relatively  much  smaller,  and  the  pubis  passes  down 
as  a  well-ohondrified  rod  to  a  lower  level  than  the  ischinm  and 
onnres  inwards  towards  its  neighbour.   There  is  still,  howsTer,  no 

symphysis,  the  two  ends  being  considerably  apart. 

The  condition  of  the  pelvis  is  particularly  interesting  as  showing 
that  the  avian  type  is  not  derived  from  one  with  the  pubis  and 
ischium  apart,  as  in  the  carnivorous  dinosaurs,  but  rather  a  modifi- 
cation of  such  a  type  as  is  seen  in  the  pterosaurs.  It  further  seems 
to  show  tliut  originally  tli*>  pubis  and  ischium  were  directed  down- 
wards and  that  the  backward  direction  is  a  late  modification. 

Hind  Iiimb. 

The  hind  limb  of  the  adult  ostrich  is  reniui  k:i Me  :hiu)Ii^'  l)inls  for 
having  only  two  developed  toes — third  and  fouilh — and  even  the 
fourth  somewhat  degenerate.  There  is,  however,  a  rudiment  of  the 
second  metacarpal.  In  other  respects  the  arrangement  of  parts  is  aa 
in  normal  birds. 

In  the  l()-cla\  enil)ryo  the  condition  is  remarkably  interesting. 
The  tibia  and  fibula  are  fairly  well  chondrified  and  are  of  about 
equal  length.  The  tarsus  is  mainly  procartilage,  hut  the  elements 
are  fairly  distinct.  The  best  defined  is  the  elongated,  partly  chondri- 
fied fibolare,  wfaieh  lies  near  the  distal  end  of  the  fibula.  Near  the 
distal  end  of  the  tibia  is  a  large  iibiale.  When  ^viewed  from  the 
front  it  forms  more  than  two-thirds  of  the  proximal  tarsal  row. 
When  seen  from  behind,  the  tibiale  is  to  a  considerable  extent  hidden 
by  a  large  ronnded  intermedium.  There  seems  to  my  mind  little 
doubt  that  this  intermedinm  is  quite  a  distinct  element.  In  the 
distal  row  of  the  tarsus  is  a  group  of  three  more  or  less  fused 
elements.  These  are  evidently  the  second,  third,  and  fourth  tarsalia^ 
and  they  are  more  or  less  distinet  To  the  radial  side  is  a  small 
prooartilaginous  element,  which  is  probably  the  first  metatarsal,  but 
possibly  the  first  taxsaL  On  the  ulnar  side  lies  a  large  prooarti- 
laginous rod,  which  is  eyidently  the  fifth  metatarsal.  The  third  and 
fourth  metatarsals  are  of  large  size,  and  partly  chondrified.  The 
second  metatarsal  is  much  smaller  and  not  distinctly  chondrified. 
Developing  phalanges  are  seen  on  the  seoond,  third,  and  fourth 
digits. 

In  the  11-day  embryo  all  the  elements  are  Tery  much  better 
developed,  and  the  changes  in  some  respects  are  remarkable.  The 
lower  end  of  the  tibia  is  relatively  very  much  larger,  and  in  corre- 
spondence with  it  the  anterior  side  of  the  tibiale  is  equally  broad  and 
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overlaps  the  fibnlare  so  as  to  almost  completely  hide  it.  The  fibnlsre, 
though  in  the  same  relative  position  to  the  fibula  and  of  the  same 

shape  as  in  the  earlier  stage,  is  relatively  much  smaller.  The  intw* 
medium  is  still  a  distinct  element,  but  ii^  shifted  a  little  more  upwards 
towards  the  distal  end  of  the  tibia.  The  distal  tarsal  elements  are 
not  very  distinct,  but  are  probably  second,  third,  and  fourth  tarsalia. 
The  second,  third,  and  fourth  metatarsals  are  all  well  developed  and 
chondrified.  The  first  metatarsal  is  only  partly  chondrified  at  its 
distal  end.  The  fifth  metatarsal  is  quite  smaU.  Phalanges  are  well 
developed  on  the  third  and  fourth  toes,  and  a  small  phalanx  is  on 
the  second  toe. 

There  are  a  number  of  interesting  points  in  connection  wiili  the 
development  of  the  foot.  In  the  first  place  it  is  interesting  to  note 
that  the  embryo  ostrich  has  five  toes  more  or  less  developed,  and  the 
three  centre  ones  fairly  well  developed.  We  arc  probaV)ly  justified 
in  inferring  that  the  immediate  ancestor  of  tlie  Dstrieh  had  three 
finictional  toes,  and  possibly  that  the  more  remote  ancestor  had  a 
functional  hallux.  The  10-day  embryo  with  its  fifth  metatarsal 
larger  than  the  first  suggests  a  more  remote  ancestor  with  all  live 
digits  functional,  and  possibly  the  outer  four  used  for  walking.  The 
large  si/.o  and  early  development  of  the  tibulai'e  suggests  a  well- 
de\ eloped  outer  side  of  the  pes  in  a  remote  aneesLor.  And  it  is 
curious  to  note  that  in  the  manus  there  is  similar  evidence  of  an 
early  greater  development  of  the  outer  side.  Another  point  of 
interest  is  the  evidence  that  the  ascending  process  of  the  astragalus 
is  a  tme  intermedinm.  This  is  confirmatory  of  the  evidence 
obtained  in  various  sea-birds  by  Morse,  and  in  agreement  with  the 
opmion  held  by  Kitchen  Parker,  Seeley,  and  others,  though  JefFery 
Parker  was  nnahle  to  find  any  evidence  of  a  distinct  intermedium  in 
Apteryx,  and  considers  that  the  ascending  process  is  a  development 
of  the  tibiale. 

Th£  0&iai2I  OF  BiBDS. 

The  origin  of  birds,  like  that  of  mammals,  has  for  many  years 
given  rise  to  mooh  discussion.  But  though  a  number  of  different 
views  have  been  held,  they  have  never  differed  ficom  each  other  so 
widely  as  have  the  views  concerning  the  origm  of  manmials.  Gegen- 
baor,  Huxley,  and  Cope,  from  their  study  of  the  anatomy  of  the 
dinosaurs,  came  to  the  conclusion  that  these  extinct  reptiles  axe 
intermediate  in  many  points  of  structure  between  typcsl  reptiles, 
such  as  the  crocodile,  and  birds ;  and  for  some  time  it  was  pretty 
generally  held  that  the  ancestors  of  the  birds  were  to  be  found 
among  the  dinosaurs.    When,  however,  the  dinosaurs  became 
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bettor  known  it  was  felt  that  all  the  disoovered  forms  were  too 
specialised  to  haye  been  directly  ancestral,  and  that  it  was  more 
likely  that  dinosaurs  and  birds  had  sprung  firom  some  common  form. 
Many  went  much  further,  and  held  that  the  reqemblanoes  between 
birds  and  dinosaurs  were  purely  adaptive,  and  did  not  indicate  any 
close  affinity  between  the  groups.  Most  of  those  who  rejected  the 
view  that  ^osaurs  and  birds  are  related  favoured  the  theory  that 
the  avian  ancestor  was  to  be  found  among  the  pterosaurs.  A  few 
even  adopted  the  very  remarkable  view  that  carinate  birds  sprang 
from  pteroeaurs  and  ratite  birds  from  dinosaurs !  Furbringer  in  bis 
great  work  on  birds  (1888)  concludes  that  birds  are  monophyletic, 
and  that  the  ancestral  form  was  a  sauropsidan  lying  intermediate 
between  the  Dinosauria,  Crocodilia,  and  Lacertilia.  Osborn  has 
recently  ably  discussed  the  question,  and  comes  to  the  conclusion 
that  "  the  avian  phylum  may  have  been  given  off  from  the 
dinosaurian,"  and  that  "  the  dinosaur-avian  stem  hypothesis 
deserves  to  he  very  seriously  reconsidered." 

The  extremely  close  resemblance  bet\V(?eii  the  hind  limb  of  the 
bird  and  the  carnivorous  dinosaur  is  admitted  l)y  all,  and  the 
question  to  he  decided  is  whether  the  l>ird  cfiuld  liav(!  (»volved  an 
almost  identical  inechanitsm  from  an  undiHcri;ntiatcd  prinntive  type 
such  as  is  seen  in  Palteohattcria.  The  formation  of  a  tibio-tarsus, 
by  which  a  loose  joint  is  converted  into  a  linn  joint,  has  pieity 
clearly  arisen  in  connection  with  the  support  of  the  body  on  the 
hind  limbs,  in  the  case  of  the  carnivorous  dinosaur  the  stages  of 
the  formation  are  pretty  clearly  seen.  Did  the  bipedal  [)ro!^ression 
of  the  bird  give  rise  to  a  dinosaur-like  arrangement  after  the 
development  of  feathers  or  before?  In  the  primitive  bird  Arciueu- 
pUryx  a  tibio«tarsu8  and  a  tarso- metatarsus  are  already  formed.  But 
though  Archaopteryx  doubtless  perched  on  its  hind  feet,  it  is  not 
likely  to  have  gone  in  for  very  much  bipedal  progression,  and  for 
both  ito  climbing  among  the  branches  of  trees  and  for  perching  the 
primitive  type  of  tarsus  would  probably  have  amply  served.  The 
phalangers,  lemurs,  and  many  other  mammals  are  probably  quite  as 
expert  dimbers  as  ever  was  Arckaopteryx,  and  yet  they  have  never 
evolved  anything  analogous  to  a  tibio-tarsus  or  a  fusion  of  the  meta- 
tarsals, and  with  them  the  distal  tarsal  elements.  The  chameleon 
has  a  much  better  grasping  foot  than  any  bird,  but  the  tarsus  is  not 
«t  all  modified  on  bird-like  lines.  And  it  is  clear  that  it  is  not  the 
later  typical  bipedal  progression  of  the  bird  that  has  evolved  the 
tibio-tarsus,  for  it  is  as  typically  developed  in  Arohaopteryx.  li  the 
habits  of  the  primitive  bird  are  not  likely  to  have  given  rise  to  the 
typical  avian  mechanism,  we  seem  to  be  forced  to  the  conclusion  that 
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the  mechanism  was  evolTed  at  a  still  earlier  stage  and  retained  by 

ArehceojjteryXf  even  though  probably  not  altogether  perfect  i<x  its 
pui-poae ;  for  though  the  bird  foot  is  a  good  foot  for  perching  it  is 
not  the  best  arrangement  for  climbing. 

The  immediate  ancestor  of  Arehaopteryx  and  other  birds  is  likely 
to  have  been  a  small  animal,  since  the  power  of  flight  is  not 
likely  to  have  originated  except  in  a  form  small  enongh  to  take 
flying  leaps,  yet  it  seems  impossible  that  a  tibio-tarsns  can  have 
arisen  except  in  an  animal  of  yery  considerable  weigh!  Small 
animals  can  hop  about  very  satisfactorily  with  the  ordinaiy 
mammalian  type  of  tarsns.  Even  the  fairly  large  kangaroo  finds 
the  mammalian  arrangement  with  a  little  modification  satisfactory 
enough  without  any  anchylosis  of  the  bones.  It  therefore  seems 
probable  that  the  avian  mechanism  arose  in  an  animal  which  walked 
on  the  ground  on  its  hind  feet,  and  was  sufficiently  heavy  to  require 
a  great  degree  of  firmness  in  the  tarsal  joint.  From  the  structure  of 
the  avian  fore  Umb  we  may  infer  that  this  hypotlietical  bird  ar^cestor 
had  at  least  four  digits  in  its  nianus.  It  probably  also  had  a  long 
tail,  since  the  ostrich  embryo  shows  evidence  of  at  least  twenty-six 
caudal  vertebnr. 

To  what  group  would  tlii<s  bird  ancestor  belong?  Clearly  it  must 
have  closely  rosenil)l»'(l  the  carnivorous  dinosaurs.  Its  hind  limb 
was  essentially  similar  ;  like  some  of  tliem  it  no  doubt  had  alxlo- 
minal  ribs  ;  and  most  likely  it  had  a  iixed  quadi'ate.  In  accontuating 
the  ditTercnccs  of  birds  and  dinosaurs  a  good  deal  has  bet'n  made  of 
the  fact  that  the  l)ir(rs  quadrate  is  movable,  but  this  is  probably  a 
secondary  airangcment  of  verv  little  moment.  It  seems  verv 
doubtful  if  Arclufoptcrii r  had  a  movable  quadrate;  and  it  is  likely 
that  there  is  some  connection  between  the  lengthening  of  the  bird's 
beak  and  tlie  movableness  of  the  quadrate.  As  the  beak  lengtliened 
the  cranial  arches  became  reduced,  allowing  of  movement  in  the 
prefrontal  region,  and  with  it  some  movement  of  the  quadrate.  The 
pelvis  of  the  ostrich  embryo  shows  that  though  that  of  the  ancestor 
was  somewhat  similar  to  that  of  the  camivoions  dinosaur  it  was 
distinctly  more  primitive.  It  had  the  pubis  and  la^KSnm  joined 
ventrally  endosmg  an  obturator  foiamen. 

The  resemblances  between  the  avian  ancestor  and  pteroeanxs 
must  have  been  much  less  thso  between  it  and  carnivorous 
dinosaurs,  and  yet  there  is  pretty  clear  evidence  of  some  affinity. 
In  the  pterosaur  there  is  no  evidence  of  any  bipedal  stage  either  in 
the  digits  or  tarsus,  and  it  seems  probable  that  it  is  descended  from 
a  quadripedal  form  of  arboreal  habits*  The  pelvis  of  the  pteroeanr 
has  an  expanded  ilium,  a  united  pubis  and  ischium  with  a  small 
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obturator  foramen  between,  and  in  front  a  prepubis.  The  QBtrioh 
ohick  seems  to  point  back  to  something  very  similar. 

The  most  likelv  conclusion  seems  to  be  that  somewhere  in  early 
Triassic  times  a  Rhynchocephaloid  reptile,  with  thecodont  dentition 
and  plate-like  pelvis,  gave  rise  to  a  small  group  of  reptiles  which 
walked  rather  than  crawled.  This  ancestral  group  had  an  expanded 
ilium  and  well-developed  limbs,  and  was  probably  in  habits  more 
like  a  mammal  than  a  reptile.  From  an  arboreal  member  of  this 
group  the  pterosaurs  have  probably  sprung.  Others  living  more  on 
the  ground  had  the  liind  legs  better  developed,  and  in  course  of  time 
came  to  bo  for  the  most  part  bipedal.  From  these  bipedal  forms 
probably  both  birds  and  dinosaurs  were  derived.  For  a  time  the 
birds  balanced  themselves  like  the  dinosaurs  by  means  of  a  heavy 
tail,  and  while  they  continued  to  have  heavy  tails  the  pubis  and 
iflohinm  would  be  directed  inamly  downwards.  As  tiie  power  of 
flight  gradually  developed  the  tail  probably  gradually  became  lighter 
and  shorter,  and  to  compensate  for  the  loss  of  weight  the  pubis  and 
isehinm  were  dbected  more  and  more  backwards,  to  support  the 
mnsdee  necessary  to  keep  the  body  in  an  upright  position.  In  Hie 
oainivoroas  dinosaurs  the  heavy  tail  was  retained,  and  much  less 
mnsoolar  effort  would  he  required  to  keep  the  body  up,  and  hence 
the  ischium  alone  is  developed  in  the  posterior  direction,  and  never 
to  the  extent  seen  in  birds. 

The  relationships  of  the  bizds  to  the  carnivorous  dinosaurs  and 
pterosaurs  may  be  represented  thus : — 

Earlj  Khynchocephaloid  ancestor 
with  plate>like  pehrli. 


I 


S2»AeiuMfon  with 
truadiatlug  pelviw. 


PteraMwla. 
Bipedal  sa^oestcal  fonn. 


The  question  might  be  discussed  as  to  whether  the  common 
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ancestor  of  the  bird  and  the  dinosaur  should  bo  regarded  as  a 
member  of  a  distinct  order  or  as  a  primitive  dinosaur.  Though  in 
some  few  respects  it  no  doubt  differed  from  any  known  dinosaur,  the 
diflferences  would  be  too  few  to  found  a  new  order  ou,  and  I  am  of 
opinion  that  when  discovered  it  will  l)e  regarded  as  the  represeotative 
of  a  new  sub-order  only  of  the  Dinosauria. 
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BEFBBBNGES  TO  PLATE  IX. 


Co.  coraooid;  d.Se,  desomdiog  ptooaBs  of  scapula;  F.  fibala;  /.  flbolMt; 
i.  intermedium;  //.  ilium;  7k.  ischium;  o1>t.  /or.  obtunitor  foramen;  pert.  pr. 
pectineal  process ;  F.Pu.  prepubis ;  Pu.  pubis ;  Jl.  radium ;  Sc.  scapula ;  Ht. 
stamiim;  T.  tiU*;  (.  tlUala;  U.  nliift;  «.  nlnwe;  I.,  IL,  m.,  lY.,  V.,  lit,  Sai.  \ 
8cd,  4ih,  and  6th  iiMtMMpAls  or  nMtatumlg;  9, 8, 4,  8rd,  uid  4tb  ottpali* 
or  tuiali*. 

1.  Shoulder  _'iril!e  of  10-day  ostrich  x  20. 

2.  Shoulder  girdle  of  11-day  o.strich  x  20. 

a.  Forearm  and  manus  of  10-day  ostrich  x  90. 
4.  Foreuiii  and  nuuuu  6t  ll-dMj  ctMeh  x  90. 
.*>.  Pelvis  of  10-daj  ostrich  x  28. 

6.  I'es  of  10-day  ostrioh  from  before  x  20. 

7.  Tarsus  of  10-day  ostrich  from  behind  x  20. 

8.  Hind  limb  of  11-daj  ostrioh  from  bsfora  x  90. 
0.  Tamu  of  ll-d»3r.osMoh  fliom  behind  x  19. 
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» 


ON   SOME   LITTLE-KNOWN    BONES    OF   THE  MAM- 
MALIAN SKULL. 

■ 

By  B.  Bboom,  M.D. 
(Bead  June  37, 1906.) 

The  flfaracture  of  the  mammalian  akoll  is  nsnally  assumed  to  he 
pretty  thoroughly  known,  and  in  most  test-books  descriptions  or 
•diagrams  are  given  of  the  various  bones.  Flower's  well-known 
•diagram  ha^  been  repeated  with  or  without  slight  raodifioations  in  a 
number  of  books,  and  many  students  have  doubtless  oome  to  regard 
the  mammalian  skull  as  a  very  simple  stmotoie  compared  with  the 
skull  of  the  reptile.  It  may  perhaps  be  in  part  ownng  to  this 
supposed  simplicity  that  so  many  have  rejected  the  idea  of  the 
mammal  being  descended  from  a  reptilian  ancestor.  In  the  present 
paper,  while  I  do  not  intend  to  discuss  the  question  of  the  ori^^in  of 
mammals,  I  wish  to  sliow  that  most  of  the  cranial  bones  which  are 
supposed  to  be  characteristic  t^f  the  reptilian  skull  and  absent  in  the 
mannnal  can  really  be  found  in  one  or  other  of  the  representatives 
of  the  mammalia.  As  tliere  is  to  my  mind  no  doubt  that  mammals 
are  descended  from  some  Therapsidan  reptile,  most  probably  a  small 
Cynodont,  I  shall  merely  speak  of  the  bones  which  are  known  to 
occur  in  the  Therapsida,  and  which  are  not  generally  recognised 
in  the  mammalian  skull. 

SePTOMAXIIjLABY. 

Tbe  septomaxiUacy  bone  was  first  discovered  by  Kitchen  Parker 
in  the  skull  of  the  lizard  and  snake,  where  it  is  of  very  large  size. 
In  1900  it  was  found  by  Howes  and  Swinnerton  in  the  skull  of 
Sphenodon,  and  since  then  I  have  found  it  to  be  probably  invariably 
present  in  Therocephalians  and  probably  also  in  all  Cynodonts 
though  always  absent  in  the  allied  Anomodonts.  In  the  lizards 
and  snakes  the  bone  is  specialised  to  serve  as  a  roof  and  protection 
to  the  enormons  organ  oi  Jaoobson,  but  in  Sph&nodon  we  find  it  in 
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whftt  is  pEobably  its  primitire  oondition  as  a  nasal  floor  bone.  In 
Therooephalians  and  Gynodonts  the  relations  of  the  bone  have  noi 
been  satisfactorily  made  oiit»  but  so  br  as  is  known  it  forms,  as  in 
SphModoitt  the  floor  of  the  anterior  part  of  the  nasal  cavity  and 
probably  also  protects  the  organ  of  Jacobson. 

In  mammals  the  organ  of  Jacobson  is  nsually  relatively  small  and 
well  enough  protected  by  its  cartilage  at  the  base  of  tiie  s  •]^tr;m. 
The  nasal  floor  is  also  well  protected  by  the  secondary  palate.  There 
would  consequently  seem  to  be  no  use  for  a  soptomaxillary,  and  aa 
might  be  expected  it  is  almost  invariably  absent.  About  ten  years 
ago,  however,  when  working  at  the  mammalian  organ  I  came  aoroas 
a  hitherto  undiscovered  bone  in  the  floor  of  the  nose  of  the  Arma- 
dillo, Dasypus  villosm.  Though  a  description  of  the  bone  was  pub- 
lished at  the  time,  I  was  unabre^l^o  come  to  any  coiichision  as  to  its 
homologies,  and  it  was  only  wheu  recently  working  at  the  organ  of 
Jacobson  in  Sphenodon  that  1  recognised  that  the  septomaxillary 
of  that  reptile  is  essentially  similar  in  its  relations  to  the  nasal  floor 
bone  of  the  armadillo.  I  therefore  consider  that  the  small  l>one  in 
the  nose  of  Dasifpns  is  a  true  septonnixillary  which  lias  for  some 
reason  been  retained  from  the  reptilian  ancestor.  In  Dast/pas- 
villosus  there  is  a  pair  of  cresccntic  bones,  but  in  Dasyjpus  muiuiusi 
the  bones  are  onohylosed  together. 

FmVOMBB. 

Some  years  ago  I  endeavoured  to  show  that  the  paired  bones  in  the 
front  of  the  palate  of  the  lizard  which  are  usually  called  "  vomers. ' 
are  not  homologous  with  the  mammalian  vomer.  The  vomer  of  the 
mammal  is  »  median  bone  which  forms  as  a  splint  on  the  basinrsnisl 
axis.  It  may  extend  from  the  front  of  the  axis  to  the  basioodpitalaa  in 
many  Getaceans,  or  it  may  be  i  te  rudimentary,  as  in  many  rodents* 
In  Echidna  it  is  situated  &r  back  and  does  not  appear  in  the  antsrior 
nasal  region.  In  its  relations  and  development  it  agrees  exactly  with 
the  reptilian  bone  called  *'  parasphenoid,"  as  was  pointed  out  first  by 
Bland  Sutton.  The  so-called  "vomers"  of  the  reptile  are  paired 
bones  which  have  nothing  to  do  witii  the  baaicranial  axis,  but 
develop  as  splints  on  the  paraseptal  cartilages,  and  principally 
serve  as  a  protection  to  the  oKgans  of  Jacobson.  Tn  Orniihorhifndmt 
the  paraseptal  cartilages  are  protected  by  a  pair  of  bones  exaotly  as 
ill  lisards.  These  become  anohylosed  to  form  the  "  dumb-bell  shsped 
bone  "  of  the  adult,  but  there  can  be  little  doubt  that  they  are 
homologous  with  the  so-called  '*  vomers  "  of  reptiles.  As  a  new 
name  was  necessary  for  them  I  proposed  to  call  them  *'  prevomers.** 


Digitized  by  Google 


0»  MfiM  LUtU-kmmm  Bonn  of  &m  UmmMm  ShUL  M 

In  ommI  twmm^ia  tfadT  ttB  fthMiit.  thaif  hImm  betoff  tekwD  bT  HlB 
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OrM^Aoril|ffi0At(f  do  I  know  of  ifaem  ooooiring  m  distinofe  olenM&te 
in  tho  adalt,  Tic,  flio  b«t  jr«Mop<antf.  Aoenwting  to  Eiklian 
Ptekar  mftny  Edentet*  Mid  Inseotiron  bft^e  in  toM  life  a  pair  of 
"  anteiior  vomers,"  m  ho  called  them,  supporting  the  parasepfeala^ 
bnt  these  early  anohyloMd  to  the  premaxillaries  to  form 

port  of  their  palatine  prooesaee,  though  there  can  be  little  doubt  that 
they  are  homologOllS  with  the  prevomen  of  Omitkorhynchus.  Prof. 
Oleland  informs  me  that  Goodsir  wae  aoqpieinted  with  a  small 
bone  oiweiionally  present  behind  the  ptemaadUaiy  and  in  front  of 
the  vomer,  and  that  in  conversation  be  apoke  <rf  it  as  "John 
Arthur's  bone."  Most  probably  this  was  a  prevomer  which  had 
appeared  as  an  abnormality.  Gomphognathut  has  a  well-deyeloped 
typical  vomer  and  a  pair  of  email  preTomers. 

Peevbohtaii,  PoeTntOMTAL,  amd  Fostobbitaii. 

These  three  membrane  bones  which  are  all  present  in  many 
reptilian  skulls  are  not  generally  recognised  as  occurring  in  the 
mammalian  skull,  and  in  the  very  large  majority  of  cases  there 
is  no  trace  of  any  of  them.  In  Anomodonts  and  Therocephalians 
all  three  are  probably  always  present,  but  one  is  usually  very  small. 
The  bone  which  forms  the  upper  part  of  the  postorbital  arch  and 
passes  back  by  the  side  of  the  parietal  was  formerly  regarded  as 
tiie  postfrontal,  but  the  presence  of  a  small  bone  in  front  of  it  seems 
to  show  that  it  ought  to  be  regarded  as  the  postorbital,  the  small 
bone  i)eing  the  postfrontal.  In  the  Cynodonta,  though  prefrontals 
and  postorbitals  are  well  developed,  no  postfrontals  liave  hitherto 
been  recognised,  but  as  only  very  few  good  skulls  have  been 
examined  it  is  piobable  that,  as  in  the  Anomodonts,  all  thraa  bonaa 
will  yet  be  recognised. 

In  Tritylodon  there  seems  to  be  a  diatinct  prefrontal  and  a  bone 
bahind  the  oibit  whioh  may  be  poatfoontal  or  poatocbitaL  Un- 
lortonately  the  only  known  specimen  is  Tery  imperfsot,  and  there 
baa  been  mnoh  disenasion  aa  to  whether  it  ia  a  mammal  or  a  reptile, 
ao  that  any  evidenoe  from  Tri^lotUm  doea  not  at  proaent  oarry  very 
mnoh  weifi^t.  I  have  in  a  previona  paper  argoed  in  favour  of  ita 
being  a  mammalj  and  should  this  prove  to  be  oonfirmed  we  ahaU 
probably  have  to  admit  the  prefrontal  at  leaat  aa  an  element  of  the 

mf^mmoHn  skulL 

In  OmiihorhynehuB  and  Sekidna  there  are  at  least  two  bones  in 
the  brain  ease  whioh  are  not  usually  present  in  the  higher  forms. 
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These  axe  named  by  van  BemmeleD  the  "posi&ontale  (ortito- 
gphenoidel) "  and  the  "parietale-kterale."  As  both  are  apparently 
memhnne  bones  It  is  likely  that  the  anterior  is  the  reptilian  post- 
frontal  and  the  posterior  the  postorbitaL  At  the  inner  and  anterior 
post  of  the  orbit  there  is  a  bony  plate  whioh  may  be  the  prefrontal. 
It  was  believed  to  be  bo  by  Seeley,  who  apparently  discovered  it 
as  a  distinct  element.  Van  Bemmelen  does  not  apparently  believe 
it  to  be  distinot  from  the  frontal,  but  in  two  of  his  illustrations  he 
figoies  it  as  distinct.  Until  further  work  has  been  done  to  the 
stmotore  of  the  skoU  in  the  young  Monotremes  the  question  of 
whether  there  is  a  distinot  prefrontal  must  remain  as  not  definitely 
settled. 

Quadrate. 

I  have  elsewhere  given  reasons  for  l)elieving  that  the  mammalian 
quadrate  became  lost  in  the  glenoid  cavity,  at  least  as  a  bone.  In 
most  mammals  there  is  a  distinct  interarticular  cartilage  which  may 

represent  it,  but  in  only  one  known  mammal  is  there  a  bone.  This 
is  in  I  cdctea,  the  Cape-jumping  hare.  In  it  there  lies  in  the  front 
of  the  glenoid  cavity  a  small  flattened  oval  bone  measuring 
2  mm.  X  1  mm.  It  is  invariably  present,  but  it  is  likely  to  be  lost 
if  the  skull  has  been  maceruterl.  I  regret  that  I  have  had  no 
opportunity  of  examining  the  condition  of  the  parts  in  the  young 
animal,  but  hope  to  have  ere  long.  It  is  just  possible  that  the  bone 
may  prove  to  be  something  else  than  the  quadrate,  but  it  is  difficult 
to  sec  what  else  it  can  be.  It  may  turn  out  to  be  a  sesamoid  bone 
in  connection  with  the  external  pterygoid  muscle,  but  as  it  is  in  the 
same  position  as  the  quadrate  in  the  Cynodont  reptiles  the  prob- 
ability seems  to  be  that  it  will  prove  to  be  a  true  quadrate  bone. 

There  are  evidences  of  one  or  two  other  bones  in  the  mammal 
of  interest.  The  ossicle  of  the  caruncle  in  the  young  Mono- 
tremes is  probably  the  internasal  process  of  the  premaxillary. 
I  believe  there  is  evidence  of  a  distinct  angular  in  the  lower  jaw 
of  Ormthofrhyneihus,  but  this  and  some  other  pmnts  zeqnfre  fortlMr 
investigation. 


Digitized  by  Google 


(373  ) 


NOTE  ON  THE  LACEBTIUAN  SHOULDEB  GIBDLE. 

Bt  B.  Bbooic,  M.D.,  D.Sa 
CBead  June  27, 1906.) 

The  shoulder  ;,nrdle  in  the  typical  lizard  is  remarkuble  among 
reptiles  for  the  ])eculiar  anterior  development  of  the  coracoid  and 
scapula.  This  anterior  portion  is  for  the  most  part  cartilaginous  and 
fenestrated.  The  structure  was  carefully  examined  and  figured  by 
Kitchen  Parker  in  a  number  of  lacertilian  genera,  and  his  views  as 
to  the  nature  of  the  parts  have  been  largely  followed  by  later  writers. 
There  are  two  large  distinct  bones  which  are  pretty  manifestly,  in  the 
main  at  least,  scapula  and  coracoid,  but  the  (juestion  to  be  decided 
is  whether  the  cartilaginous  antei  ior  developments  are  to  be  regarded 
as  unossified  portions  of  the  scapula  and  coracoid  or  as  precoracoid 
or  "  epicoracoid."  By  Parker,  and  practically  all  writers  since,  the 
inferior  cartilaginous  margin  of  the  coracoid  is  called  the  epicoracoid, 
and  a  portion  of  the  anterior  cartilaginous  expansion  the  precora- 
coid. Id  the  present  short  paper  I  wish  to  suggest  that  neither  of 
these  terms  is  justifiable,  and  that  the  shoulder  girdle  of  the  linxd 
(xmaisto  of  simply  a  scapula^  coiMoid,  and  eUviele  on  eaoh  dde  and 
an  inierdftviele  between. 

Some  oonfosUm  has  arisen  with  regacd  to  the  names  epiooraeoid 
and  pceooraooid.  The  fonner  was,  I  believe,  first  applied  to  the 
anterior  ooraooidal  element  in  the  Monotremes,  the  latter  to  the 
anterior  element  in  the  Amphibians  and  primitiTe  reptiles.  It  is 
now,  howe?er,  pretty  generally  agreed  that  the  anterior  element  of 
the  ICoDotremes  is  homologous  with  the  anterior  eartilaginons  bar  in 
the  Amphibia  and  with  the  anterior  of  the  two  ▼entral  elements  of 
the  early  reptiles,  and  therefore  the  same  name  ought  to  apply  to 
both.  Though  "  EpiocMcaooid"  is  apparently  the  earlier  of  the  two 
names,  only  oonfnsion  woold  result  from  retaining  it  for  the  anterior 
coraeoidal  element*  since,  following  Eitohen  Parker,  it  has  been 
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ahnort  oonstontly  cuwd  in  a  diiEarent  seiifle.  Fteooiraooid  is,  on  the 
other  hand,  well  established  as  the  name  for  the  anterioc  elemeni 

It  seems  to  me  inadvisable  to  give  a  speeisl  name  to  the  inferior 
cartUaginous  margin  of  the  ooraooid.  In  no  animal  is  it  ever  a 
distinct  bone.  Most  cartilage  bones  have  their  ends  tq»ped  with 
nnossified  cartilage,  and  even  when  a  speoisl  ossification  appoar?^  in 
the  end  cartilage  it  is  only  spoken  of  as  an  epiphysis.  If  phylo- 
genetically  reason  could  be  shown  for  believing  the  cartilaginous  tip 
to  be  the  remains  of  an  element  once  clearly  distinot  a  special  name 
might  perhaps  be  given  to  it,  bat  the  name  oouid  not  be 
*'  epiooraoold.*' 

The  primitive  reptilian  shoulder  girdle  consisted  of  three  cartilage 
bones — scapula,  coracoid,  and  precoracoid,  and  two  membrane  bones 
— the  claviclo  and  clcithrum,  with  in  the  middle  line  an  inter- 
clavicle.  In  only  the  most  primitive  reptiles  and  the  Synapsida 
is  the  cleithrum  met  with,  and  very  early  in  the  Diapsidan  phylum 
was  the  precoracoid  lost.  In  no  Diapsidan  reptile  is  it  known  to 
occur  after  Permian  times.  Kven  in  the  vevy  eiir]y  rdlnpnhat fibrin  it  is 
already  lost — at  least  as  on  ossified  element ;  and  in  Sjjhi-iKxh^ii  there 
is  no  trace  of  it  to  he  found  in  development.  And  there  is  good 
reason  to  believe  that  an  element  once  lost  in  an  ancestor  can  never 
be  regained  in  a  descendant.  Various  modifications  may  take  place 
as  in  the  ostrich,  tortoise,  ple-;iosaur,  &c.,  but  a  distinct  precoracoid 
never  reappears.  All  the  \  arious  anterior  expansions  of  the  scapula 
and  coracoid  in  the  tj  pical  lizard  are  likely  to  be  only  developments 
of  the  scapuhi  and  coracoid. 

In  the  very  aherrant  lizard  Chamceleo  a  peculiar  condition  of  the 
shoulder  girdle  is  met  with,  which  strikingly  recalls  that  of  Spheno- 
don,  and  is  possibly  primitive.  It  is  usually  described  as  eonsisting 
of  a  narrow  scapula  and  a  ronnded  ooiaooid  vrith  no  trsM  of  % 
davicle  or  intsrelaviele.  In  eiamining  the  embryo  I  have  dia- 
oovered  that  a  fairly  well-developed  elaviole  is  present,  best  seeii 
perhaps  in  an  embryo,  about  one-fourth,  of  adult  siae.  There  is  no 
traoe,  however,  of  an  interolavide.  Another  point  of  intersst  im 
wome  indioation  of  an  acromion  process  in  the  lower  end  of  tlie 
scapula  passing  a  little  further  forwsrd  then  the  omooid. 

In  the  typical  liaard  the  peonlisr  arrangement  has  probably  arisen 
by  tiie  soepnla  and  ooraooid  beooming  eipanded  in  an  anterior 
direotion,  and  at  the  same  time  the  expanded  part  becoming 
fenestrated.  This  seems  to  be  borne  ont  botti  by  the  developmental 
oondition  and  by  the  comparison  of  the  different  types  fonnd.  As 
shown  by  Parker  in  Lamaneius  only  the  ooraooid  is  fenestrated  by 
a  single  large  opening.   In  Ptammosauinu  tiie  BOtspaitb  is  bat  litlfe 
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expanded  and  quite  primitive  in  tjrpe,  while  the  ooraooid  is  greatly 
ei^nded  and  has  two  large  openings.  In  Iguana,  on  the  other 
hand,  both  elements  are  greatly  expanded  and  there  are  four  large 
fenestrsB. 

In  the  embryo  the  seapnla  and  ooraooid  are  both  originally 
nnfeneetrated  oartilaginoiis  stmotnreB,  which,  however,  beoome 
feneetrated  long  before  oflsifloation  begfau.  There  thnt  eeems  good 
reason  to  believe  that  thct  laoertilian  gudle  is  meroly  a  highly 
speeialised  modifioation  of  the  Sphenodon  type  and  that  it  only 
oontains  tiie  two  cartilaginoos  elements — seapnla  and  eoraodd. 
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BSOWNI): 

Bt  B.  Bbook,  M.D.,  D.Sc.,  Viotorift  College,  Stollenboech. 

(Bead  Jime  26,  1906.) 
(Plate  X.) 

The  f oenl  about  to  be  deeoribed  was  disoovered  by  Mr.  Alfred 
Brown  near  Aliwal  North,  aod  lepieBentB  the  anieiior  pert  of  a  small 
Oynodont  reptile.  The  remains  are  in  a  faMy  hard  sandstone,  and, 
owing  to  the  softness  of  the  bone,  esnnot  be  very  salisisctorily 
developed.  Of  the  skull  there  are  preserved  a  few  remains  of  the 
oast  of  the  npper  orsnial  bones  sufficent  to  give  a  satisfactor}'  idea  of 
the  outline,  and  a  very  good  impression  of  the  palate  showing  the 
teeth.  There  are  remains  of  the  first  twelve  vertebrae,  and  a  g^od 
deal  of  both  scapular  arches  and  of  both  anterior  limbs.  I  propose 
to  name  the  fossil  in  honour  of  the  discoverer,  who  has  spent  so  many 
years  of  his  life  in  the  interests  of  sdenoe,  and  who  has  already 
brought  to  light  so  many  new  forms. 


wSiiUBOsucHus  Bbowhi,  g.  et  sp.  nov. 

Though  the  skull  is  badly  preserved  most  of  the  important 
oharaeters  oan  be  made  out  The  only  previously  deeoribed 
Gynodont  whieh  bears  much  resemblanee  to  it  is  the  type  of 
Mierogomphodon  oligoo!fim$,  Seeley,  but  from  this  form  it  dilfen 
entirely  in  the  dentition.  As  in  OomphogmUhut,  Miarogompkodomf 
and  ZMoMZsmodofi,  the  skull  is  broad  and  flat.  The  orbits  look  for  the 
most  part  upwards  and  are  of  large  size.  The  temporal  fossa  is 
relatively  small  as  in  Microgomphodon,  and  measures  more  trans- 
versely than  antero- posteriorly.  Tlie  whole  skull  measures  93  mm. 
in  length  and  62  mm.  in  width.  The  parietal  regioa  measnt  t 
about  10  mm.  across.  The  postorbital  arch  is  very  narrow.  The 
palate,  which  is  fairly  well  preserved,  is  typically  Cynodont,  there 
being  a  well-developed  secondary  palate.    The  anterior  part  is 
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apparently  formed  by  the  premaxillaries.  In  front  of  the  large 
canines  are  two  deep  depressions  for  the  lodgment  of  the  lower 
canines.  The  region  of  the  anterior  palatine  foramina  is  not 
\N-('I1  preserved.  The  seooudary  palate  ends  on  the  plane  of  the 
sixth  molar. 

The  dentition  of  the  upper  jaw  is  fairly  well  shown,  though  the 
crowns  of  none  of  the  teeth  can  be  seen.  There  are  five  incisors, 
the  lirsL  four  being  subequal  and  the  lifth  small.  The  five  measure 
9  mm.  Six  mm.  behind  the  fifth  incisor  is  the  canine,  which 
measures  about  4  mm.  x  3  mm.  Following  the  canine  are  eight 
molars  and  premolars,  all  of  relatively  small  size  bat  inoreasing  in 
Bise  on  passing  baoikwanb.  The  whok  flories  mearares  90  mm. 
Though  not  wbU  piesenred  the  teeth  are  evidently  somewhat 
similar  to  those  of  Triraehodon,  being  broader  than  long. 

A  part  of  the  brain  ease  is  preserved.  The  cerebram  is  Ukly 
large,  and  the  oerebellnm  smalL  The  mid-brain  is  also  rather 
feebly  developed.  It  is  too  imperfect,  however,  to  enable  one  to> 
say  much  of  its  affinities. 

The  vertebras  are  very  imperfeot.  The  atlas  is  large,  and  the  two 
halves  of  the  aroh  apparently  tmanohylosed.  The  details  of  the  later 
vertebra  cannot  be  made  ont  satisfaustorily.  There  are  probably 
seven  cervical  vertebra  which  measure  about  05  nun.  The 
following  vertebra  which  is  probably  first  dorsal  has  a  long  rib. 

From  the  impressions  and  remains  of  the  bones  of  the  shoulder 
girdle  the  size  and  shape  of  both  scapula  and  precoracoid  can  be 
made  out,  but  there  is  no  trace  of  the  coracoid  seen.  The  scapula^ 
measures  about  56  mm.  in  length  and  it  is  probably  similar  in 
structure  to  that  of  CffftogntUhus.  Ventrally  it  has  a  broad  arti- 
culation with  the  precoraooid,  which  is  large  and  flat  and  has  a 
large  rounded  foramen. 

The  humerus  is  badly  preserved  but  is  possibly  similar  to  that  of 
Oopiphognathi!^.  It  measures  20  mm.  across  the  proximal  end 
as  preserved,  Tiie  radius  and  ulna  are  badly  preserved.  They 
possibly  measure  alx)ut  oO  mm.  in  length. 

Tlio  carpus.  thf)ugh  crushed  on  both  sides,  can  be  restored 
with  some  degi*ee  of  probability.  Carpalia  1,  2,  3,  and  4,  are 
well  preserved.  Above  carpale  2  is  a  small  element  which 
I  regard  as  centrale  1,  and  above  caqmle  2  is  a  larger  elenicnt 
which  is  probably  centrale  2,  There  is  certainly  a  large  radiale 
and  large  ulnare,  and  probably  there  is  a  fair-sized  intermedium 
between.  The  bones  of  the  proximal  row  are  displaced  in  the 
right  manus  and  imperfect  in  the  left.  I  have  given  a  restoration  of 
what  I  believe  to  be  the  probable  ai*rangement. 
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A<\  acromion;  a.ii.  anterior  nares;  At.  atlas;  As.  iixia;  cb.  oerebelium;  rr. 
cerebrum ;  Co.  ooiaooid ;  c,  oarpale  2 ;  D.  dantary ;  Fr.  frontal ;  Ju.  jagal ; 
J[fil.iiuutidiU6;  ACcmuilla;  ^a.iiaMl;  O.orUt;  oA.  optto  IdbM;  P^paktiM; 
Am*,  pwietal;  p.ro./.  precoracoid  foramen;  PJ^n.  precoracoid ;  Pmi.  premaxilla ; 
Pn.O.  postorbital ;  li.  rndiuB ;  r.  ndiale;  He.  scapula;  Sq.  sqnamoflal;  T,  temporal 
fossa ;  u.  ulnare ;  I'd.  vomer. 

Fia. 

1.  General  view  of  the  remaiiw  ol  ^liuvmekiu  bnmid  x  f. 

2.  lietitoration  of  i>kull  x  |. 

3.  Palate  slightly  restored.   Nat.  size. 

4.  BMtontton  of  tknll  aide  view.  Mat.  ilse. 

5.  Ca.st  of  brain  cavity.   Nat.  size. 

6.  Bestoration  of  shoulder  girdle.    Nftl.  liaa. 

7.  BestoratioQ  of  carpus.   Nat.  size. 
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ON   A   NEW   SOUTH   AFRICAN   TRIASSIC  RHYNCHO- 

CEPHALIAN. 

By  R.  Broom,  M.D.,  D.Sc. 

(Read  June  27,  1906.) 

In  the  collection  of  Mr.  Alfred  Brown,  of  Aliwal  North,  there  is 
an  imperfect  lower  jaw  of  a  small  reptile  which  is  of  considerable 
interest.  The  frsLgment  represents  the  greater  portion  of  the  left 
dentary  with  six  acrodont  teeth  of  a  slender  lizard-like  form  which 
strikingly  recalls  the  Jurassic  HonuBOsaurus.    As  there  are,  even  in 


DENTAKY  OK  PALACllODON  ItHOWNI.      X  3 J. 


the  fragment  preserved,  one  or  two  characters  distinctly  different 
from  those  of  HonwRosaitnis^  and  as  it  is  unlikely  that  the  genus 
which  is  at  present  only  known  from  the  Kimmeridge  occurred  as 
early  as  the  Trias,  I  propose  to  regard  the  African  form  as  a  member 
of  a  new  genus  and  call  it — 

Palacrodon  Browni,  n.g.  et  sp. 
The  dentary  as  preserved  measures  19  mm.,  and  it  is  unlikely 
that  when  perfect  it  measured  more  than  20  mm.  In  front  it  is  ver} 
slender  and  though  the  teeth  are  lost  it  is  probable  that  no  part  ol 
the  anterior  third  measured  more  than  2  mm.  in  depth.  The  first 
tooth  preserved  is  situated  5*2  mm.  behind  the  anterior  part  of  the 
jaw.  It  is  of  very  small  size,  measuring  about  '8  mm.  in  length 
and  about  '7  mm.  in  height.  In  this  and  the  other  teeth  there  is 
a  sort  of  rudimentary  cingulum  at  the  base  of  the  tooth,  and  the 
whole  tooth  stands  out  pretty  markedly  from  the  surface  of  the  jaw. 
The  first  five  teeth  preserved  increase  steadily  in  size  from  before 
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backwards,  and  the  apices  of  the  four  following  the  first  are 
situated  at  the  following  distances  from  the  apex  of  the  first — 
1*4,  2  9,  4  i),  and  7  mm.  respectively.  The  fourth  tooth  measures 
2  mm.  in  length  and  1-2  nnn.  in  height ;  the  fifth  is  2  ram.  in  length 
and  1"5  mm.  in  height.  Below  the  fourth  and  fifth  teeth  the  jaw 
becomes  much  deeper  than  elaewliere,  measuring  3  mm.  Behind 
the  fifth  tooth  is  a  smaller  sixth  tooth  which  is  not  very  satisfactorly 
displayed  but  which  is  distinctly  acrodont,  showing  that  the  jaw 
is  probably  that  of  an  adult  animal.  Along  the  jaw,  at  a  distance  of 
1  nnn.  from  the  ba.se  of  the  teeth,  runs  a  low,  longitudinal  ridge 
probably  for  the  attachment  of  the  lip.  .\t  ihf  posterior  part  of  the 
specimen,  the  dentary  passes  upwards  and  curves  very  markedly 
inwards.  There  is  no  part  of  a  coronoid  bone  preserved.  From  the 
shape  of  the  back  part  of  the  dentary  it  seems  probable  HuA  the 
planes  of  the  two  jftws  eloped  markedly  inwuds. 

It  k  inqpoflsible  from  so  small  a  firagment  to  say  mooh  ol  the 
animal,  but  it  was  evidently  a  form  about  balf  the  sise  of  SpJmoeUm 
and  witii  much  more  slender  jaws. 

The  deposit  from  which  the  specimen  was  obtained  is  a  bone  bed 
containing  many  fragments  of  bones  and  teeth,  and  it  is  posaiUe 
that  Mr.  Brown's  industry  may  yet  be  rewarded  by  other  fragments 
which  can  be  recognised  as  belonging  to  Palaerodon, 

The  specimen  is  of  interest  as  being  the  earliest  known  true 
Bhyncbocephalian.  The  Order  Bhynchooephalia,  which  was 
formed  for  the  reception  of  reptiles  allied  to  Sphenodon,  has 
been  held  by  many  to  include  the  primitive  types  such  as 
PeUaohatteria,  BhynehosauruSt  Hyperodapedan,  and  a  number  of 
others.  By  other  authors  it  is  held  that  if  the  order  is  expanded 
sufficiently  to  include  the  early  types  with  plate-like  pelvis,  it 
becomes  exceedingly  difficult  to  define  it  and  much  confusion  is 
likely  to  arise  in  forming  the  limits  of  the  group.  Following  most 
Amfi'ri4mP  authorities  I  consider  it  advisable  to  restrict  the  group  to 
those  forms  with  two  temporal  arches  and  mdiating  pelvis — the 
Bhync}iocep}ialia  vera  of  others.  This  restricted  group  has  hitherto 
not  been  known  earlier  than  the  Jurassic,  but  it  might  have  been 
inferred  to  have  originated  in  the  Triassic.  Our  rich  South  African 
Triassic  deposits  will  probably  yield  other  types  that  will  throw  light 
on  the  origin  of  the  group. 
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CONTRIBUTIONS  TO  THE  AFRICAN  FLORA. 

Bt  Habbt  Bolus,  D.Ba,  F.L.S., 
DNBiinniio 

Harpagophijtnm  Pajlcrcc,  by  Dr.  O.  Stapf. 
Selago  swuzicmia,  by  Mr.  R.  A.  Rolfe. 

(PUte  XL) 

LoTONOHis  8WA9SIBNBIB,  Bchts,  iL  sp.  (TiBgnininnM»-Gqiiigteg- 

Crotalarie). 

L.  muUiflom  prosnma  sed  foUoUt  majoribiUt  braeieoUs  orhieu- 
lanbui,  floribut  majoribus  et  in  raoemit  paueiorilntt,  facile  die- 
tinguiiur. 

Ehitioaliui  80-60  om.  altos,  imdiqiie,  petalis  flayis  ezemptis, 
argenteo-nitoDS ;  rami  ramnliqne  graoUes,  ereoto-patontes,  intor- 
nodiis  0*5-1*6  om.  longis;  folia  altema,  ezstipulata*  petioiata, 
petiolis  0*2  om.  longis,  8-lblioIato,  foliolis  oboTakMnmeatis,  emaigi- 
natis,  aj^onlatis,  0'7-l*3  om.  longis,  0*4-0*6  cm.  latis;  laoemi  ter- 
minales,  sepissime  3-,  rarius  I-2-fl.,  bracteis  oadnois;  pedioolli 
0*2  om.  longi,  braoteolis  2,  orbicularibus,  valde  concavis,  apionlatis, 
0*6  cm.  longis  et  latis ;  oalyx  inflatus  0-8  cm.  lon^ms,  labio superiore 
perbrevissime  4-dentato,  segmento  inferiore  deltoideo,  aomninato, 
0*2  om.  longo;  yexiUimi  reflexum,  snbcotundum,  breviter  nnguicu> 
latum,  extenie  pilosnm,  1*2  om.  longum  1  cm.  latum  ;  aluB  obovatfe, 
apice  rotundatee,  lamina  0*6  cm.  longa  et  lata,  nngae  0*6  cm.  longo ; 
carina  acuta,  lamina  05  cm.,  ungue  0*6  cm.  longo;  legumen 
sessile,  oblique  oblongimi,  subturgidom,  1*5  om.  longum,  0*4  om. 
latum,  seminihns  5-0. 

Hab.  :  Swazit'land ;  {^'nissy  hills  and  valleys,  Dalriach,  near 
'Mbabane,  Jan.,  approx.  ait.  1,350-1,460  meters,  M.  Bolus,  11766. 

iMDiGonfiA  BWAxmMSiB,  BokUt  n.  sp.  (LeguminosB-Oalegsas- 

Indigofens.   §  Frodnotn). 

Ad  J.  cyUndrieam  aecedit  sed  indunmto,  pedieMs  hrwionbu8t 
hractdt  Umgioribus,  differt. 
Snffimtex  ramis  adsoendentibus,  striatis,  onm  petiolis,  stipolis, 
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nerviis  primariis,  peduneulis,  oftlyoe  et  vaiillo  branneo-pubeseen- 
tibos,  internodiis  3-2*6  om.  longis;  fdift  petiolate,  petiolo  1  em. 
longo,  imparipionata,  loliolis  BepUaime  7-8,  rarius  4-6-juga,  petio- 
lolfttis,  minate  stipellatis,  ovalibuB,  apieaUtis,  strigiUosig,  1-2  em. 
loDgifly  0*7-1*2  em.  latis,  rhaohi  6*5-7*6  om.  loDga;  stipols  setooec, 
1  cm.  longae ;  pedunonU  2-2*6  om.  longi,  raoemis  densis,  4-6  em. 
longis ;  floras  pedioellati,  pedioellis  0*2  om.  longis ;  oalyx  0*8  em. 
longns,  snbieqiiiiJiter  5-lolni8,  lobis  ddtoideis,  aonminatis ;  vaxiUmn 
late  oyatom,  apioe  rotondatum,  sessile,  intas  (^bnim,  0*9  om. 
longom,  0*6  om.  latum ;  $i»  oblonga,  obtnssB,  bravissime  nngiuea- 
latfls,  0*6  om.  longs,  0*2  em.  lat»;  oarina  obtnsa,  vexillmn  ssb- 
sqnans ;  stylos  basi  villosns ;  ovariun  7-8^Tiilatam,  glabresoons ; 
legmnen? 

Hab.  :  Transvaal;  Schlechtor  3908!  near  Lydenbiu^',  Jan., 
Wilms  327  (in  herb.  Kew  A  Brit.  Mus.),  315  (in  herb.  Brit.  Mus.) ; 
Swazieland ;  grassy  places,  Dalriaoh,  near  'Mbabane,  Deo.,  i^pioz. 
alt.,  1,460  meters,  H,  Bolm,  11804. 

ViGNA  Davyi,  Bolus,  n.  sp.  (Leguminosfie-Phaseoleae-Euphaseolea). 

V.  omnihus  partihus  {petalis  exemptis)  hirtia  ;  foUis  iimplieibuM. 

Ad  quasdcun  fonnas  V.  vcTillatce  accrdit. 

Tota  phuiia  nisi  petala  plus  minusve  aspcra  villis  brunneis  ;  rami 
procumbeiites,  patentes ;  folia  simplicia,  ovata  vel  late  ianceolala, 
acuta,  basi  rotuudala,  putiolaia,  puiiolis  l-l  o  cm  longis,  multi- 
reticulata,  nerviis  primariis  3,  adscentlt  iiiibus,  inferne  prominenti- 
bus,  10-12  cm.  longa,  4-8  cm.  lata  ;  stipuUc  oblique  ovato-lauceolataB, 
lon{:];o  acuminat:r  basi  cordata',  uiulti-ncrvatiB,  1  cm.  lon^«D  ;  stipellic 
laneeolatie,  acuminata',  0  6  0"7  cm.  longaj  ;  podunculi  axillares, 
luhusii,  arcuato-erecti,  10-21  cm.  lougi,  l)iilori,  tlonbus  subsessilibus  ; 
bractete  lanceolata?,  cum  bracteolis  linearibus  acuminatis,  0"8  cm. 
longBB ;  calyx  campanulatus,  subaequaliter  5-fidu8,  tubo  O'S  cm. 
longo,  segmentis  lanceolatis,  setaceo-acuminatis  ca.  1  cm.  lougis; 
TOzillnm  late  leniforme,  emarginatum,  21  om.  longum,  3*4  cm. 
latum;  oaiina  valde  inonrva,  lostrata^  2-1  om.  longa;  stigma 
laterale,  bilabiatnm,  labio  snperiora  ononllato,  inferiors  bilobo^ 
patentes,  margins  dense  piloso ;  ovarinm  dense  fasoo-vilkwam. 

Hab.  :  SwoMUAcmi  ;  near  Mbabane,  7.  Burit-Davy,  2827  (in  Herb. 
Brit.  Mns.) ;  "  High  Void  *'  between  Carolina  and  Dalriaoh,  ^^prai. 
alt.,  1,700  meters,  Deo.,  M.  Bohu,  11836. 

Uganda ;  month  of  the  Eagera  Biver,  Bag»hawe  (in  Herb.  BriL 
Mns.). 
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DoLiCHOS  BOBU8TU8,  Bolus,  n.  sp.  ( LeguminosaB'Phascolese- 

Eu-phaseoleaj). 

JJ.  foliis  majoribui,  labio  in/eriore  calycis  profunde  Z-fido,  segmeniis 

elongatia. 

Robusta,  tota,  petalis  exceptis  ±  piibescens ;  rami  procumhentes 
quadranfTiilares,  striati,  foliosi,  internodiis  3-5-5-5  cm.  loiif^is;  folia 
tuctu  uspeiula,  petiolata,  petiolo  communi,  3-4  cm.  longo,  internodio 
1*5-2  cm.  longo,  foliolis  lateralibus  a  ramo  2-2-5  cm.  disf antilnis, 
circumscriplioiio  obovatis.  basi  subcuneatis,  impariter  bilobis,  lobis 
subaciitis  nmeronulati^,  nervis  pi  c^minulis.  4-5-5  cm.  longis,  2-5-4  cm. 
latis,  foliolum  termiiuile  obovatiim  irqualiter  3-lobum,  (>-7-5  cm. 
longum,  6-7  cm.  latum,  ceteioquin  lalcralibus  couformibiis  ;  stipuliL* 
obliquaj  lanceolato-ovata',  acuta.',  nci  vata}  ad  1  cm.  longai ;  stipellui 
lineares  setaceo-acumiiuau",  0-6  cm.  longae ;  pedunculi  axillftres  ad 
1*5  (un.  lougi,  bracteis  lanceolatis,  acutis  0*2-0-4  cm.  longis,  d-4-fl., 
pcdioelliB  0*4  om.  lougis ;  calycis  labio  superiore  Udentato,  inferioro 
sabnqualiter  profunde  8-fido,  segmentia  Uneeolatis  aomnmatia 
0*5  em.  longia,  tabo  aubinflato  0*5  om.  longo,  0*4-0*5  om.  lato; 
▼ezillum  aaborbionlaro,  baai  aurieulatnin,  1*2  om.  long  et  lat. ;  al» 
oUiqua  oUongn  obtnae,  baai  caloare  0*8  om.  longo,  inatrnoUa; 
oarina  obbnga  obtoaa  leviter  inoorva,  alaa  TezUlumqne  aabnqnana ; 
ovarium  aetioeo-villoonm ;  legnmen  doeei 

Hab.  :  Transvaal  CJobny ;  on  tiie  Hi^  Veld"  between  Oarolina 
and  Swaaieland,  in  graaay  places,  appcoz.  alt,  1,550  meters,  Deo., 
Bo/iM,  11887. 

Baiher  remarkable  in  the  genna  byitorobnatness  and  koge  leaves, 
and  by  the  deeply  oleft  lower  lip  of  the  ealyx. 

DOUGHOS  VALOATUB,  KUm. 

This  plant,  a  native  of  India,  does  not  yet  appear  to  have  been 
recorded  from  South  Africa,  nor  is  it  mentioned  by  Oliver  and 
Hiern  in  the  Flora  of  Tropical  Africa.  The  following  coUeotions 
may  be  cited:  Cape  Ck>lony:  Komgha,  Flanagan,  11411  Trans- 
vaal:  Barberton,  6fa(2^'^^  758 1  Lydenburg,  TFi/;;is,  4121  Fketoria, 
SoitM,  11840 1   Warm  Bath,  118891 

Bhtnohosu  pauoiflora,  Bolus,  n.  sp. 

R.  foliolis  longis  amjii.stisque ;  floribus  fiolitariis,  nxillaribus, 
pedunculatis ;  cabjce  coroLlam  aquantc  vcL  excedente,  segnientis 
promimnler  1-ncrcis. 

Pruticulus  erectus,  undiquo  plus  minusve  sparse  pilosus,  ca. 
80  om.  altus;  rami  adscendentes,  giauilea,  intemodiis  2*5-3  cm. 
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longis;  folia  altema  ereoto  petiolaka»  peliolo  0*7-0*8  em.  loogo, 
foliolislinearibns,  apioe  basique  angnstaliiB,  mnoroiiiilatis,  maigmibai 
reflexis,  sopeme  delicate  reti-venosis,  paUidioribiu,  inferae  nervo 
medio  valde  pfominente,  6-7  cm.  loDgis,  0*4-0*6  cm.  latis ;  etipoke 
snlmlatflB,  longe  aonminats,  0*8-0*9  cm.  longs ;  pedmioali  azillane, 
patentee,  graoiles,  5-6  cm.  longi,  apioem  yenns  artionlatt,  id 
articolum  bracteola  eetaoea  0'4  cm.  longa  omati ;  calyx  campana- 
latus,  persistenSf  aegmentis  laaceolati8»  aeominatia,  sabequalibw, 
nervo  medio  perspicuo,  superioribus  usque  ad  medium  connatis, 
inferioribus  fere  ad  l)asin  liberisy  corollam  SBqnantibna  vel  sspina 
ezoedentibuB ;  vexillam  glabram,  carina  {eqnilongom,  1*3  em. 
longum ;  legumen  oblique  ovatum  pilosum  2-spennwD,  per* 
aiatente  desinens,  3  cm.  longum,  0*8-1  om.  latum. 

Hab. :  Tian8?aal  Colony,  in  grassy  places,  "High  Veld,"  near 
Carolina,  approx  alt.  1,790  meters,  Jan.,  Bolui,  11842  (in  herb. 
Kew,  my  own,  &o.). 

Mbtalasu  paxJiIDA,  Bolus,  n.  sp.  (Oompoeite-InuloideA 

if.  adimea  affima,  ied  foUu  nee  uneinaiU,  eapUuUt  10^,  wvolnari 
equamii  petaloidMS  2-Z't9ri<Uit» 

Suffhitez  erectus,  totne  pallidus,  26-30  em.  altns ;  rami  adseen- 
dentea,  eano-tomentosi,  vel  vetnstiores  glabresoentes,  intemodiis 
0*2-0*3  om.  longis ;  folia  sparsa,  ereota,  lineari-lanceolata,  mueroiiafca, 
strieta  nec  torta,  involuta,  infeme  glaberrima,  nitentia,  obeouxe 
l>nervia,  azillis  nudis,  0*7-1  cm.  longa,  0*2-0*8  om.  lata;  oorymbos 
confertus,  peduaonlis  0*2-0-3  cm.  longis,  capitulis  discratis  12-20, 
oylindricis,  0*8-1  cm.  longis  0*3-0*4  cm.  latis ;  involucri  squama 
exteriories  3-4-8eriataB,  appressse,  lineares,  acuminata,  sphaeelato- 
mncronulatse,  araneosee,  0*2-0*6  cm.  longSB,  interiorcs  pcialoidec^ 
2-3-seriatae,  erectic,  obtusse,  apiee  ooncavie,  albee,  0*6-0*7  cm.  longs, 
01-0-2  cm.  late;  aobsnia  tereti-subtriangulariu,  glabra,  punotnlata^ 
0*2  cm.  longa ;  pappi  setae  capillaceae,  barbellats,  albae. 

Hab.  :  Cape  Colony  ;  Prince  Albert  Division  ;  on  the  Zwartebergen, 
near  Zwartberg  Pass,  in  rocky  places,  approx.  alt.  1,080  meten, 
Dec.,  H  Bolus,  11542  (in  herb.  Kew,  my  own,  Ac.). 

Mbtalasu  8TBI0TIV0UA,  Bolus,  n.  sp.  (GompositB-InnloideB). 

M.  adunea  proadma,  sed  foliit  tmctia,  atrietit  n$o  tmeuuUik,  axiUit 
gmmifma,  distinguikir, 

Eru^nlus  ramosissimus,  fere  undique  araiiBoeo-tomeintons, 
16-20  om.  altus;  rami  adscendentee,  conferti,  4-7  om.  loogi;  folia 
sparsa,  eieota,  lineari-lanceolata,  pnngenti-muonmata»  aiineoea» 
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deinde  vel  pilosa,  vel  Zftrios  glabrescentia,  siepissime  axillis  gem- 
miferis,  0-5-0-9  cm.  longa;  capilnla  d-lO-glomerata,  glomerolis 
1-1-5  cm.  latia,  discrefea  nee  indamento  intertezto,  oylmdrioo-oam- 
panulata,  5-fl.,  0-9  cm.  longa,  apice  0'2-0'4  cm.  lata;  involucri 

squain;n  cxtoriores  3-seriatiB,  appressse,  lanceolatflB,  acuminate, 
mucronulatui,  0-3-0-6  cm.  longio,  petaloidete  l-seriatte,  patentes, 
lineares,  oljtus?!},  albte,  flores  exccdentes,  0  8  cm,  longte,  0-2  cm. 
lataB  ;  pappi  seui'  copiosye,  Hliforinerf,  serrulatifi,  albee,  loDgitudine 
inter  flores  et  squamas  petaloideas  intermedia'. 

Hab.  :  Cape  Colony;  Prince  Albert  Division,  on  the  summit  of  the 
Zwartebortjon,  near  Zwartberg  Pass,  in  rocky  places,  approx.  alt. 
1,850  meters,  Dec,  H.  Bolus,  11990  (ia  herb.  Kew,  my  own,  &c.). 

BojEBiA  NUTANS,  Bolus,  o.  sp.  (Gompoaiti£-InQloide»). 

B.  foliU  b(m  aumcuUUit ;  eapituUs  axiUaribus  toUtairiia, 
nutaiUibui. 

Fmtex  erectus,  5-pedalis,  undique  scaberulus  ;  rami  virgati,  striati, 
intomodiis  2-2-5  cm.  loo^;  folia  adsoendentia,  ovato-lanceolata  vel 
laaeeolata,  aouta,  basin  veraiis  aogiistata,  semi-amplexicaulia,  late 

amiculata,  serrata,  nerviis  primariis  subtus  prominentibus,  adsoen- 
dentibus,  utrinque  7-8,  subtus  pallidiora,  5-13  om.  longa,  2-4  cm* 

lata ;  pedunculi  solitarii  in  axillis  foliorum  superiorum,  nutantes, 
gracile.s,  4-G-5  cm.  longi,  bracteolis  foliaceis,  3-4,  lanceolatis,  sub 
capitulo  apj)roximatis,  circa  1-5  cm.  longis ;  capitula  cyathiforraia, 
2  cm.  longa,  2  0  cm.  lata  ;  involucri  squama;  4-seriat;T?,  lanceolattc, 
intimis  linearibus,  acuminatissimis,  flores  acquantibus,  horbaceaB, 
virides,  margiuibus  submembranaceis,  sericeo-ciliatis,  apicibus 
barbatis,  discoloribus,  O  o-l'O  cm.  longie  ;  corollic  cylindricai,  1-1  cm. 
longie,  liml)o  015  cm,  longo  ;  styli  rami  insigniter  atro-brunnei ; 
Brchienia  glanduloso-puix  scontia,  0-3  cm.  longa,  setispappi  i)arbellati8, 
persistentibus,  extimis  brevissimis,  intimis  corollam  luquantibus. 

Hab.  :  Orange  liiver  Colony  ;  Witzie's  Hoek,  grassy  slopes  near 
the  summit  of  Mapedi's  Peak,  approx.  alt.  2,650  meters,  I  V  b.,  Justus 
Thode  21  !  ;  Basutuiand,  river  banks  above  liutTalo  liivcr  Waterfall; 
approx.  alt.  2,500  meters,  March,  E.  E.  Galj^in,  0669  I 

PiaoLBTTiA  DSNTATA,  Bolus,  n.  sp.  (Gompositffi-Asteroidee). 

P.  folm  obiongu,  ffrotte  dentatis,  pappo  biseriato  exteriore  e  setis 
plunbiis  brevissimis,  interiors  e  aetis  5-7  muUo  Umporibut  barbeUatis, 

Frutioalns  humilis  ereotus  ramosus,  paroe  brevissimeque 
glanduloso-puberula ;  rami  pauci  divaricati,  rigidi  inferne  nudi, 
iursum  DUQO  paooe  nunc  dense  ioliati,  vetustiores  oioatricibus 
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foliorum  delapsorum  notati,  10-15  cm.  longi,  inferiores  0  2  cm. 
crassi  ;  folia  oblonga  acuta,  basi  valde  attenuata,  utraque  dontibus 
grossis  2-3  acutis  aucta,  minute  glanduloso-puberula,  viridia,  1-2  cm. 
longa,  0' 15-0*2  cm.  lata ;  capitula  terminalia  solitaria  campanolata, 
1'5  om.  loDga,  2  cm.  lata,  lOO-fl.  vel  ultra,  in  pedanoulis  Imeletlit 
0*75-1*25  om.  loogis,  braoteis  paucis  panris  sabnlatiB  sabfloatkwis; 
receptaoalttni  foTaolatam ;  inyolnori  sqiiamo  4-5-8eriate  nmnenh 
sisumflB  leotirvo-patontes  subulate,  longe  eetOBO-aenminafeiB,  inlegn 
nude  1-nervn,  soatioao  pallidflB,  omnibus  inter  sese  subttqualibas 
±  1  om.  longis ;  oorolls  inbulosaB,  regulariter  5-fidaD  tenuissinue, 
0*8-0*9  om.long«D ;  pappus  biseriatus  e  setis  exterioribus  brevioribiii 
pluribu8»  0*1  om.  longis,  oum  setis  5-7  interioribus  barbeUstis 
longioribuB,  0*8-1  om.  longis;  ovaria  dense  albo-eerioea  0*15  om. 
longa. 

Hab.  :  Oape  Golony ;  distriot  Montagu,  near  (he  wann  balhs,  on 
dry  rooky  hills,  alt.  800  meters,  Deo.  (1892),  Bohts,  7882  (in  heib. 
Sew  and  my  own). 

In  floral  struoture  nearest  to  P.  oxyodonta  DC,  but  difforing  in 
pappus  and  very  muoh  in  habit  and  general  appearanoe,  being 
smaller  in  all  parts,  greener,  and  neady  glabrous.  It  appears  to 
be  rare. 

Chbtbamthbllum  PBoouMBBirs,  Pm,  (HelianthoideA-Goreopsiden). 

This  widely-spread  tropical  species,  probably  a  native  of  the  East 
Indies,  has  long  sinee  been  found  in  Tarious  parts  of  Tropical  Afirioa, 
from  Abyssinia  southward.  It  ooeurs  near  Bulawayo,  specimens 
haying  been  tent  by  Bev.  A.  Barthelemy  from  that  town.  linally, 
it  was  collected  by  me  at  Warm  Bath  in  the  Transvaal  Golony  in 
January  last  (Bolus,  12090),  and  this  seems  to  be  the  only  extra- 
tropical  station  yet  recorded  for  it. 

PfliBOOEPHALUS  ONiDioiDES,  6'.  Moove  IH  Joiini.  Bot.  ^lUUO),  p.  loS, 

t.  409  (Compositae-Anthemidese). 

This  species  wa;^  lir!^t  found  by  F.  Masson,  who  travelled  in  the 
Cape  Colony  in  1770,  and  the  single  specimen  he  sent  to  England 
lay  perdu  in  the  heii)ariuin  of  the  British  Museum  until  it  was 
examined,  and  ihe  ^'liius  established,  by  Mr.  Moore  as  above.  This 
gentleman  was  good  enough  to  draw  my  ailcntion  to  it  when  in 
England  two  years  ago,  in  the  hope  that  1  u.iglit  be  able  to  find  it 
again,  no  other  specimen  being  known.  As  no  station  luid  lu  cn 
recorded  by  Masson,  it  was  therefore  a  singular  coincidence  ihai  a 
few  months  after  my  return  to  the  Colony  X  found  the  plant  when 
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crossing  the  Zwartberg  Pass  from  Prince  Albert.  It  grows  in  some 
ul)undance  on  the  left  side  of  the  road  about  2  or  2i  miles  from  the 
summit  of  the  Pass,  on  the  Prince  Albert  side  of  the  mountain.  The 
bush  is  of  straggling  hal)it,  2-3  ft.  high,  with  its  branches  nude 
below,  flowers  yellow,  with  the  aspect  of  an  Athanasia.  The  redis- 
covery of  the  species  after  a  lapse  of  130  jears  appears  sutiiciently 
interesting  to  be  worthy  of  record. 

Athanasia  Thodei,  Bolus,  n.  sp.  (Compositte  /Vnthemideffl). 

A,  J'oliia  lined ribtts  scBpitu  indivisu  rarim  2~3-fidis  intermdxtis, 
corymbis  polycephalis  dense  confcrtis,  capitulis  hemisphericis,  35- 
40-Jlons ;  involveri  squamis  eubbiseriatist  aehanUt  pappo  minuto 

dentictUi/onni  coronatis. 

Suffrutex  1-5-pedalis,  subviscidus,  odore  aroraatico.  Rami  erecti 
vel  patentes,  ad  20  cm.  longi,  0*5  cm.  crassi,  nudi,  asperi,  cinerei ; 
ramuli  8-10  cm.  longi,  albo-tomentosi,  usque  ad  apiceni  foliosi, 
inferne  nudi  ;  folia  juuiora  erecta,  demum  recurvo-patenlia  linearia 
indivisa  vel  interdum  supra  medium  2-3-fida,  obtusa,  superne  glabra, 
aspera,  subtus  tomentosa  promineiiter  1-nerva,  2-3  cm.  longa 
0*1-0' 15  cm.  lata;  capitula  hemispherica,  0  3-04  cm.  longa,  35-50- 
flora,  in  corymbo  dense  polycephalo,  2-3  cm.  lato,  conferta,  pedicellis 
bractcatis  ;  involucri  squauue  subbiseriatie  appressifi  lanceolatae, 
acuminata},  scariosic,  sa^pe  laccratiiD,  extus  tonieiitosae  exterioribus 
longioribus  flores  lequantibus ;  rcceptaculi  paleae  lanceolataB 
acuminatiE  apicem  versus  seriulali.e,  tionhus  paullo  brevioribus; 
corolla  0"25  cm.  iunga;  achicnia  tenuia  striata  glabra,  pappo  e 
squamis  5  denticuliformibus  acutis  minutissimis  coronata. 

Hab.  :  Natal ;  stony  places  near  the  summit  of  the  Mont-aux- 
Sources,  alt.  2,800  meters,  Jan.  (1896),  Justus  Thode,  23!  Cape 
Colony ;  distriet  Barkly  East,  Doodman't-KraDte-Mt.,  2,800  maters, 
MftToh,  Galpin,  6707  1  (in  herb.  Kew,  my  own,  &a). 

Thode's  plant  has  kmger  undivided  leaves,  larger  corymbs  and 
smaller  heads ;  those  of  GkJpin  show  several  bifid  and  trifid  leaves, 
intermixed  with  undivided  and  mostly  shorter  leaves,  smaller 
oorymbe  with  fewer  and  larger  heads;  the  measurements  given 
above  represent  the  extremes  of  size.  The  speoies  does  not  greatly 
resemble  any  other  known  to  me. 

♦ 

Eumorphia  Uavyi,  Bolus,  n.  sp.  (Compositie-Anthemidea^). 

E.  foliis  linearibus  intrjjris  (jlahris,  viridibus  ;  invokusfi  sg^uamis 
intiinis  apice  ovatis  i7U'nihran<irf<<-(] ilafntis. 

^ota  glabra;  rami  hguosi  adsceudentes  dense  ioUosi,  lb  cm.  longi; 
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falift  sparaa  ooolerta  imbricate,  adsoendentb  patontift,  lioeaim 
aoate  maoronnlate,  pleraqoe  onrva,  viricUa,  1-1*2  om.  looga, 
0*06-^-07  om.  late ;  oapitnla  tonninalia  soliteria  snbseasilia,  obconiea 
▼el  transTene  aemi-ovate,  basi  angostote,  radna  exemptis  0*6-0*6  om. 
longa>  apioe  0*6  om.  lata ;  inTolucri  squama  multiseriatae,  appretsa, 
imbricate,  exterior  ibas  breviBSimis,  intermcdiis,  lanceolatis  aonmi- 
natis  laceratis,  apioem  varans  membranaoeiSj  0-6  era.  longis,  intimit 
apice  in  laminam  oyatam  membranaceam  discolorem  dilatatas, 
0*7  cm.  longis ;  flores  ladii  12-14,  pateiite8»liguli8  oblongis  3-dentatit, 
0*7  om.  lonu'is,  disci  numerosi. 

Hab.  :  TransYaal  Colony ;  district  Lydenburg,  Graskop  near 
Pilgrim's  Best,  on  the  edge  of  the  Drakeosbeigen,  Jan.,  /.  Bwrti- 
Davy,  1474 !  (in  herb.  Kew,  my  own,  kc). 

This  species  is  very  distinct  and  unlike  any  other  in  its  foliage. 
The  mem)>ranons  dilatation  of  the  tips  of  the  inner  involuoral  scales 
is  also  larger  than  in  any  other. 

EuMORPHiA  PR08TRATA,  Bolus,  11.  sp.  (Compositflp- Anthcmideio). 

E.  prostrata,  ramis  ra<licaJitibus,  foliis  plcrisquc  iwlinsu,  hinc 
inde  hifidia  albo-sericcis,  rcceptoculum  poieis  paucu  tantum  SUb 
Jioribus  cxt'^rionhus  atictum. 

Fruticulus  piostratus,  ramis  radicaiitibus  nudis,  glabris,  ad  2')  cm. 
longis,  rainulis  foliosis  patentibus,  2-6  cm.  longis  ;  folia  subdeiisa, 
juniora  fasciculata,  incurv%T,  vol  recurva,  sessilia,  liuearia  vel 
spalhulato-linearia  acuta;  pleraque  indivisa  hinc  inde  bifida,  basi 
conuata,  pubescentia  albo-sericea  arctc  appressa  nitente  vestita, 
0*6-1  cm.  longa,  0  l-O  lo  cm.  lata,  suprenia  abbreviata  in  bracteas 
foliaceas  usque  ad  basin  capitulorum  abeuntiii ;  capitula  terniinalia, 
solitaria,  heniisphjErica,  brevissime  pedunculata  vol  subsessilia, 
0-65 -0-8  cm.  longa,  0"6-0*7  cm.  lata;  involucri  scjiuinui'  3-4-seriata', 
erectas,  exterioribus  brevioribus  deltoideis  intci  ioi  ilnis  lanceolatis 
oblongisque  omnibus  aoutis  albo-sericeis ;  receptaculum  paleis  paucis 
prsLcipue  sub  floribus  exterioribus  auotom ;  flores  radii  10-14,  ligulis 
patentibus  raiexbve,  oblongis  albis,  0*6-0*7  om.  longis,  flores  disd 
nmnerosi  flavi ;  ovaria  immatuxa  glabra. 

Hab.:  OapeGdony;  district  Barkly  East,  summit  of  DoodmaoV 
Erantz-Mt.,  approx.  alt.  2,800-2,970  meters,  Marob  8,  1904, 
E,  E,  QoApin,  6700 1  (in  berb.  Kew,  my  own,  Ae.). 

This  oomes  near  to  B,  terieea  Wood  ft  Bvam,  bat  is  dis- 
tingnisbed  by  ito  prostrate  habit,  shorter,  more  appiessed  and  shiny 
indoment,  and  ito  smaller  heads  with  shorter  rays.  The  yilofp  on 
the  reoeptaole  in  the  bead  examined  are  very  few, 
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Senecio  thermakum,  Bolus,  n.  sp.  (Compositctt-Senocionidoir). 

S.  mnhifario  Sp.  Moore,  proxinnis,  sed  peduQOUlis  solltariis,  flohbus 
numerosioribus,  foliis  brcvioribus  dilTert. 

Herba  annua,  erocta,  tota  pallida,  cum  pedunculi^i  ca.  25  cm.  alta  ; 
rami  adscmdcntes,  foliosi,  ad  9  cm,  longi,  internodiis  0'3-0-4  cm. 
longis ;  fulia  sessilia,  erecto-patentia,  oblanc(?olata,  acuta,  obscure 
nervata,  nieml)ranacea,  juniora  araneosa,  denium  glaberrima,  3-4  cm. 
longa,  OvS-l  cm.  lata  ;  pedunculi  terminales,  solitarii,  graciles,  nudi, 
leves,  apice  paullo  dilatati,  20  cm.  longi  ;  capitula  campanulata, 
homogama,  discoidea,  1  cm.  longa;  O-S  cm.  lata;  involucri  squamae 
8,  oblongiE,  deltoideo-acutaB,  margituua'  ;j;labenimii',  0-G  cm.  longae, 
0'lo-0-2  cm.  latae ;  flores  ca.  23  albi,  coroUis  medio  abrupte  dilatatis, 
0*6  cm.  longis,  segmentis  acutis,  papillosis ;  ovaiia  teretia,  apicu 
truQcata,  4  striata,  striis  scabris. 

Hab.  :  Transvaal ;  Waterberg  Distriot ;  among  shrubs  near  Warm 
Bath,  approx.  alt.  1,1G0  meters,  Jan.,  E,  Boku,  12034  ;  Boschveld, 
Elippan,  Eehmann  5341 1  Delagoa  Bfty  Oolleotbn,  Sehlechter,  11727 
(predBe  etetUm  aol  «?ulable). 

EuBTOPB  GiLFiLLAini,  Bolus,  n.  sp.  (Compo8ite>Seneoioiude»). 

M,  aeaule,  foliis  radieaUbua  gramineis,  seapo  numoe^halo, 

Bhizoma  breve  suUignoemni  lana  aordida  omn  reliqniie  foliorom 
delapeoram  ooronatom;  folia  omnia  radlealia  erecta  Unearia  vel 
maiginibne  ioTolntis  sepe  filiformia,  plerisque  indivisis  hino  inde 
panois  bifidis  trifidisqne,  obtnsa,  rigida,  glabra,  apioe  sphacelata,  basi 
dilatata,  eoariosa,  mnltinervia,  pallida,  6-12  cm.  longa,  0*1  cm.  lata; 
soapoB  solitarins  gracilis,  monocephalus,  nudns,  ^ber«  18-80  cm. 
longos ;  capitolnm  hemiepherionm,  0*4-0*6  cm.  diametro.  Involucri 
squama  9-11,  ovato-lanceoIataB  aoutsD  vel  acuminatae,  infra  medium 
oonnatflB,  glabrae ;  flores  radii  9-10,  ligulis  patentibuB  0*4  cm.  longis, 
disci  numerosisflimi ;  ovaria  ovoidea,  puberula. 

Hab.  :  Transvaal  Colony;  distriot  Middelburg,  near  Witbank 
BaUway  Station,  Dec,  D.  F,  QU/Ulan  (No.  7201  of  Mr.  Qalpin's 
distribution  !  in  herb.  Kew,  my  own,  Ac). 

In  habit  this  is  very  different  from  any  of  the  genus  known  to 
me,  more  resembling  that  of  some  of  the  stemless  Othonne.  The 
approximate  altitude  of  the  station  is  not  given  by  the  collector, 
and  I  have  no  data  at  hand  to  refer  to.  It  is  in  what  is  so  well 
known  as  the  "  High  Veld  "  of  the  Transvaal,  and  prol)ably  between 
5,000  and  6,000  ft.  above  the  sea.  There  are  numerous  coal-mines 
in  the  vicinity. 
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E0BTOP8  Galpinii,  Bolus,  n.  sp.  (Compositae-SenecionideaB). 

B,  foliis  lanceolatis  inte{iris  ;  capitulis  terminalibus  sohtants  rel 
btnis,  sessilihi(>i ;  involucri  sfjuamis  circa  12,  nltra  mcdinmconnatts  ; 
radii  jlo.scH lis  12-15,  d/sri  50  ;  achfpiiiis  clavatis,  gla}>r{^. 

SnfiFrutex  glaber,  2-.3-i)t'i]ali-^ ;  rami  adscendentes,  supenures  foliosi, 
inferiores  nudi  cicatricibus  folioium  delapsorura  notati ;  folia  dense 
oonferta  usque  ad  basin  capituloruni,  imbricata,  sessilia,  recurvo- 
patentia,  oblongo-lanceolata  subacuta  cartilagineo-ciliolata,  subtus 
nervo  valido  percuisa,  0-7-0'9  cm.  longa,  0-2-0-28  cm.  lata ;  capitula 
terminalia,  in  pulvillo  tomcntoso  sessilia,  foliis  floralihus  poi-um 
dilatatis  arctr>  cincta,  turbinata  l-Tl  cm.  longa ;  involucri  squama 
circa  12,  ulna  uicduiin  connatie,  cartila^anca',  levcs,  pallide  flavae, 
segnientis  late  lanceolatis  minute  ciliolatis  ;  receptaciUum  foveolatum; 
radii  flosculi  12-15,  ligulis  1-4  cm.  longis,  disci  oiroa  80,  0*45  om. 
loDgi,  concolores,  lineis  5  purpureis  notati,  segmentis  lineari-Umeeo- 
latis  acutis ;  achseoia  davata,  glabra,  polita,  0*24  em.  longa ;  pappi 
aetiB  beeves,  barbellato. 

Hab.:  Gape  Oolony;  dietriot  QaeenetowD,  on  Hanglip  Mt.,  alt, 
about  1,860  meters,  Koy.,  E,  E,  Oalpin,  1620 1  on  the  Windvogd- 
berg,  1,400  meters,  June,  Bev.  Bamrt  1117 !  (both  in  herb.  Ke^. 

This  has  the  habit  and  general  appearance  of  Oamolepi*  braokg' 
poda  DO.,  with  similarly  closely  imbricated  leaves ;  but  their  shi^  is 
quite  different,  and  the  heads  in  this  are  sessile,  or  nearly  so. 

Lasiocoma,  BoiuB,  gen.  nov.  (Compositarum  e  tribu  Seneoio- 

nidearum). 

Ex  ajffinitate  Euryojns   a  quo  differt  achaniis  fi.  $  BteriUbus 

pappiquc  in  jl.  $  dcfcctu. 

Capitula  heterogama  radiata,  tloriljus  radii  ?  ,  1-seriatis  fertilibus, 
disci  fi  sterilibus.  Involucrum  catnpanulatuin,  braclei?^  l-seriatis, 
subaequalibus,  usque  ad  medium  fere  in  c\  athuni  connatis  dumum 
subsolutis  liberisve  pat(.'nlil)us.  Receptaculum  planum,  alveolatum, 
septis  elevalis  denlibus  palea-formibus  acuminatis  auctis.  Fl.  9  : 
corolicc  ligulatai,  lamina  patente,  parva,  3-dentata  ;  acba-nia  clavata, 
a  dorse  compressa,  lana  densa  alba  accrescente  demuni  longissima 
vestita,  calva.  Fl.  ^  :  Corolla3  regulares,  tubulosa*,  limbo  subinfun- 
dibuliformi  apicc  5~li(lo  ;  antberu)  basi  Integra'  obiusa"  ;  styli  rami 
applanati,  sublruucali,  penicillati ;  acbaenia  tenuia,  vacua,  breviter 
pubescentia  pappo  e  satis  barbellatis  1-seriatis  numerosis  coruuata. 
— Fruticulus  erectus  ramosus,  glaber,  2-3-pedalis.  Folia  alterna 
pat^iutia,  e  basi  semiamplexicauli  Unearia,  ultra  medium  3-fida,  lobo 
intermedio  integro,  lateralibus  Unearibus  2-fidi8,  2-lobisve,  omnibus 
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apice  calloRO-mucronuIatis.  Podunculi  axillares,  solitarii,  ^rraciles, 
foliis  sa->pius  lon;4i()res.  luvolucii  squamu'  G-7,  suba'quules,  oblongaB 
subacutflB.    Mores  radii  6-7,  disci  9-12  (ut  videtur  ex  siccis,  Havi). 

Lasiocoma  PKTROPHiLoiDKS  (DC),  Bolus  ;  sp.  uiiica.  Eriocpphalus  ? 
pt'trophi hides  DC,  Frodr.  vi.  146;  Harv.  &  Sond.,  Flora  Cajjemis, 
iii.,  201. 

Folia  i  cm.  longa,  segmontis  0-07-0-1  cm.  latis;  pedunculi 

l*5-2*5cm.  longi  ;  capitulo  cum  lana  acbuMiiorum,  0"8-l-l  cm.  longa; 
involucrum  0-45  0  7  cm.  lon^uin  ;  radii  ligiihr  0  35  cm.  iODgffi ;  p&ppi 
setsc  fl.  ^  0  2  cm.  longa' ;  aclucnia  fl.  ?  O  o  cm.  longa, 

H.VB. :  South  Africa,  without  station,  Drcijc  ;  Iu-k!oft,  44G  (in  herb. 
Sonder).  Cape  Colony  :  Nama'land  Minor,  near  Klipfontein,  in  open 
places,  alt.  950  meters,  Sept.  (1883),  Bol/i.s,  in  MacOwan  A  Bolus, 
herb.  Norm,  Aust.-Afr.,  42G  (in  herbb.  Kew,  Brit.  Mus.,  Paris, 
Berlin,  &c.)  ;  Calvinia  Division,  near  Nieuwoudtville,  C.  L.  Lcipoldt, 
760 !  Very  common,  growing  in  sandy  soil  in  big  patches,  fl.  May 
to  Oct.,  and  said  to  be  a  very  fine  '  sheep-bush  '  "  (Collector's  note). 

The  affinity  of  the  genoB  is  dearly  mth  Euryops,  from  whioh  it  is 
separated  by  the  sterile  aohenes  of  the  disk  and  by  the  absenoe  of 
pappus  on  the  $  flowers.  The  remarkably  long  acerescent  hairs  on 
the  aohenes  of  the  $  flowers  are  a  further  peculiar  character;  for 
while  the  aohenes  of  Euryops  are  commonly  villous,  there  is  nothing 
in  that  genus,  so  far  as  known  to  me,  approaching  those  of  this  plant, 
which  led  De  Oandolle  and  Harvey  to  suppose  that  it  might  be  an 
Eriooephalus. 

The  present  plant  has  a  rather  singolar  history.  First  found  by 
Drdge  and  by  Ecklon,  it  was  described  by  De  Oandolle  in  1837  {Jm, 
ciU) ;  but  so  imperfect  were  the  specimens  that  he  expressed  mncb 
doubt  as  to  the  genus.  Harvey,  in  1864,  had  both  Drftge's  and 
Ecklon's  specimens  before  him,  yet  fared  no  better.  He  followed 
De  Oandolle  in  placing  them,  with  doubt,  in  Eriooephalus,  but  says : 
"  A  most  remarkable  species,  unlike  any  other,  and  possibly  not  of 
this  genus;  but  the  fl.-heads,  in  the  only  specimens  I  have  seen,  have 
had  their  contents  eaten  by  insects,  leaving  merely  the  outer  invol. 
and  a  dense  tuft  of  discoloured  wool.  What  may  be  the  origin  of 
this  wool,  whether  from  an  inner  invol.  or  from  the  achenes,  remains 
undetermined,"  In  1883  the  plant  numbered  426  in  the  Herb.  Norm. 
Austro-Africanum  was  found  by  me,  and  being  deeeivt  fl  In  tiie 
similarity  of  the  involucre  was  distributed  by  me,  without  having  dis- 
sected it,  as  a  Eurj^ops.  A  more  recent  examination  appeared  to 
show  its  distinctness  from  that  genus,  and  a  reference  to  the  descrip- 
^Qu  ol  £}rioce^Iialus  ^tro^hiloides  DC,  seemed  to  leave  little  doubt 
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as  to  its  identity  with  that  species.  By  the  kindness  of  M.  Casimir 
de  CandoUe,  of  Geneva,  wiio  has  compared  my  plant  with  the  type 
in  the  "Prodromus  herbarium,  "  this  probability  has  been  rendered  a 
oertaioty.  The  plant  has  since  been  collected  by  Mr.  C.  L.  Leipoldt, 
whose  notes  on  his  tioket  are  interesting ;  a  bush  which  seems  to  be 
M  allraotrre  to  sheep  M  it  oerttlnly  is  to  insects  (for  ft  Isrge  propor- 
tion of  all  the  flower^haads  seen  haye  been  attaeked)  moat  hate  a 
hard  straggle  for  existenoe. 

Plato  XL,  fig.  1,  Involucre;  2,  $  flower,  the  ovary  deprived  of 
its  wool;  S,  $  flower;  4,  stamens;  6,  a  hair  of  the  pappus  from 
the  \f  flower,  x  30 ;  6,  mature  achene  of  the  $  fl.,  with  wool  and 
half-concealed  corolla,  x  2;  7,  mature  achene  of  $  fl.,  deprived  of 
ito  wool,  X  4 ;  8,  section  of  ditto;  9,  style  branches  d  the  ^  ;  10, 
ditto  of  the  9  fl* ;  11>  receptacle. 

Gamolepis  intermedia,  Bolus,  n,  sp.  (Compositirj-SenecionideiB). 

G.  foliis,  inerinibus,  erccto-j)aten( ihus,  pinuatisrctis,  subcanwsis. 

Herba  perennis,  diffusa,  uiulique  {^'hibra  30  cm,  alta;  rami  late 
patentes  incurvique,  foliosi,  siupius  5-7  cm.  longi ;  folia  suhopposita, 
erecto-patentia,  dense  imhricata,  linearia,  intpf,n-;i  vd  s(ppissinie  sur- 
8um  pinnatifida,  lohis  utriuque  3-4,  linearibus,  acutis,  subcarnosa, 
semi-amplexicaulia,  1-1'5  cm.  longa,  0  2-O-3  cm.  lata,  lobis  015  cm. 
longis ;  peduticuh  axillares  late  patentes,  incurvi,  lilifonnes,  levissimi, 
purpurei,  8-10  cm.  longi  ;  capitula  crateriformia,  0  ti  cm.  lon<j;a,  I  cm. 
lata;  iuvolucii  .squamae  13-14,  acuminatic,  purpurea?, tubuin  luquant^s; 
flores  radii  circa  13,  ligulis  0*5  cm.  iougis ,  achoiuia  ciavata,  10  costata, 
rugulosa. 

Has.:  Gape  Colony;  Prince  Albert  Division;  in  stony  places, 
on  the  summit  of  the  Zwartebergen,  near  Zwartberg  Pass,  approx. 
alt.  1,725  meters,  Deo.,  H,  Bohu,  11561. 

Intermediato  between  O.  trifureaia  and  O,  mumita,  differing  from 
the  former  by  its  pinnatisect  leaves,  and  the  short  ligules  of  ito  ray 
flowers ;  and  from  the  latter  by  its  erect-spreading,  unarmed,  fleshy, 
and  nerveless  leaves. 

Obteospehmlm  elkoans,  Bolus,  n.  sp.  (Compositic-Calendulaceae). 

O.  Hicifolio  ajfine,  i>cil  Joliis  irreyularitcr  pinnatifidis,  vuiryimbus 
plants;  acliaviii.'i  ellipticis,  acute.  trianifKlnnbus,  (hstinctum. 

Fruticulus  undique  plus  minusvc  viscoso-puberulus ;  rami  ad- 
scendontes,  foliosi,  iuiti  nodiis  0-5-1  cm.  longis  ;  folia  alternu,  scssilia, 
patentia  rellexiivo,  circiinisci  ipiioiio  oblonga  vol  lanceolata.  acuminata, 
irregulanter  pinuaiilida,  scmi-ampicxicauiia,  uervo  medio  uU'mque 
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promineiite,  8-8  om.  longa,  1-8  om.  lata,  segmentis  IsnoedlAtia, 
aoatis  mneronulatiB  0*4-1*4  om.  longis,  intordum  dentibus  1-2 
instniolis;  oaptnla  sditom,  yel-mias  in  oorymbo  laxo,  foliato 
termmali,  2-5  oapitato  disposita,  oampaniilata,  0*8  om.  looga  et  lata ; 
involttori  sqname  Biib  2-86riateB,  oblongaB,  acuminatae  cuspidataB, 
margine  membranaceae  ciliolatsB,  intimis  flores  disci  excedentihus ; 
tlores  radii  circa  10,  ligulis  1'2  cm.  longis,  0*4  cm.  latis;  aoh»nia 
elliptica,  acute  3-aQguIata,  longibodinaliter  1-nervia,  levia. 

Hab.  :  Cape  Colony ;  hills  near  Clanwilliam,  approz.  alt.  150 
meters,  Oct.,  H.  Bolus  9043  (in  herb,  Kew  and  my  own). 

A  pretty  shrub  characterised  by  its  pinnatifid  elegantly  recurved 
leaves  with  rather  distant  lobes,  and  its  broad  and  pale  inYolaoral 
scales. 

Ubbinu  bubimtbobifoua,  Bolus,  n.  sp.  (Oomposite-Arototidee. 

§  Eu-Ursiiiia). 

U.  foliis  sapius  integris,  iubtus  squanuUia  mmutis  ajjpresHt 
indutis;  radii  UguUs  diseoloribtu ;  aehamit  glabris  pappo  sap6 
defieimtte. 

SVutleulus  hnmilis,  12-22  om.  altos;  rami  deomnbentes  vol 
adsoendentes,  foliosi,  4-7  cm.  longi ;  folia  linearia  vol  oUanoeolata 
e  basi  angnsta  sozsum  ampliata,  aoata,  sepins  integra,  rarius  apioem 
Torsas  pinnatifida  vol  irregolariter  2-8-fida,  ooriaoea,  rigida,  interdnm 
inToluta^  sapeme  glabra,  infeme  aquamellis  minntis,  upgrnsms, 
sparsis,  induta,  3-6  cm.  longa,  lobis  ezemptis,  0'2-0*3  om.  lata,  lobis 
linearibus,  acutis,  0*3-0  4  cm.  longis  ;  pedunculi  solitarii,  terminalea, 
parce  squamellati,  9-17  cm.  longi ;  eapikda  orateriformia,  1  om. 
loDga,  1-1*2  cm.  lata;  involucri  squamae  4-seriata6,  lanoeolate, 
aontae,  exterioribus  omnino  herbaoeis,  interioribus  apicibtts  amj^is, 
membranaceis,  0'2-0*8  om.  loi^^'^p  ;  receptaonli  paleie  oblongae,  apioe 
dilatatffi,  lacerate;  flores  radii  10-14,  ligulis  disooloribus,  0*7  cm. 
longis ;  ovaria  omnino  glabra  pappo  saepe  deficiente,  dam  adsit, 
extimo  e  squamis  suborbicularibus,  erosulatis,  aliis  subopaois,  aliis 
subhyalinis,  intimo  e  setis  capiliaceis. 

IIai3.  :  Orange  River  Colony;  mountains,  Bester's  Vallei,  near 
Witzies  Hoek,  approx.  alt.  1,650-2,000  meters,  Deo.,  H,  Bolus,  8206 
(in  herb.  Kew). 

Ubsimu  nuKmFOiiEA,  Bolus,  n.  sp.  (§  Sphanogyne). 

U  foUis  ^■S'fureaiU,  piima^itsoHtVB,  iquamdi  imooheri  omnibus 
apio$  mmnbranaeeis,  WguiiiM  flonm  radii  diteoloribuB, 
LignoaoB,  erootas,  foUoeos,  parae  minuteqne  albo-tomenlnloaiui, 
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7- 13  om.  long  us ;  lolia  imbrioata  ereota,  rarius  linearia  indivisa,  vel 
sflspius  supra  medium  bi-fcrifonata,  Tel  pinnatieeoto,  marginibns 
inflezis,  segmentis  ntrinqiie  1-3,  linearibus  aoutis  O'5-l  em.  longis, 
l-iiervta»  tomento  deciduo  pnberola,  minute  impreaso-ponetalata, 

8-  8*5  om.  longa,  0*3  om.  lata;  pedimouli  terminales,  tomentulosi, 
3-8  om.  longi;  eapitula  orateriformia,  1  em.  longa,  1*6  om.  lata; 
involoeri  squama  4-seriate/lanoeola1iB,  omnibus  i^oe  membranaeeb 
pubesoentibus,  0-3-0*7  longis;  reoepteouli  pales  ouneato  vol  flabaUi> 
fonues,  byaline,  laoerataB ;  flores  radii  ad  17»  ligulis  0-8  em.  longis, 
subtos  disooloribus ;  ovaria  glabra ;  jmppus  l-seriatus,  aquamis  tub- 
orbieularibus ;  aehenia  baud  suppetunt. 

Hab.  :  Transvaal  Oolony,  on  the  **  High  Veld/'  in  grassy  plaoes 
near  Belfast,  approz.  alt.  3,000  meters,  Deo.,  BoUtSt  13056. 

In  general  appearance  resembling  U.  annua^  Leu,,  but  the  leaves 
are  less  divided,  the  involucia!  scales  all  membrane -tipped,  the  rays 
disooloured  beneath,  and  the  scales  of  the  pappus  in  a  single  series. 

T&IPTB&I8  KABBOOIOA,  Bolus,  n.  sp.  (Gompofiit»-Calenduiace£B, 

§  Fruticosa). 

Ad  T.  spinescentem  accedU,  ted  ramiUts  inermibue,  foliit  lineari- 
bus dijfert. 

Fruticulus  iindiquc  plus  miimsve  visciduloso-scaberuliis,  15  '20  cm. 
altus;  rami  adscondentes,  rigidi,  striati,  pallidi,  in  pedunculos  mouo- 
ceplialos,  bracteatos,  3-8  cm.  longos  abeuntes,  iuternodiis  O'o-l  o  cm. 
longis;  folia  alterna,  saipius  erecta,  sessilia,  linearia,  acuta,  mucro- 
nata,  ciliolata,  basi  angustata,  s;cpe  cuniplicata,  inflexave,  lana  alba 
in  axillis  vcstiki,  nervo  medio  inferno  prominente,  l*5-2-5  cm.  longa, 
0'2  cm,  lata;  eapitula  campatuiiaia,  0'8  cm.  longa,  1  cm.  lata  ;  invo- 
lucri  squamiB  2-seriatiE,  lanceolatie,  acuminatum,  marginibus  anguste 
mombranaceis,  intimis  quam  flores  disci  brevioribus  ;  tiores  radii 
circa  12,  aurantiaci,  ligulis  0  9  cm.  longis,  0-3  cm.  latis ;  achapnia 
0  6-0  7  cm.  longa,  alis  membranaceis  0'2  cm.  latis  oruata,  inter  alas 
transverse  rugosa. 

Hab.  :  Cape  Colony ;  on  stony  hills  near  Prince  Albert,  approx.  alt. 
700  meters,  Deo.,      Boltts,  11528  (in  herb.  Kew,  my  own,  &c.). 

TBIPT8BI8  ooMFUSA,  Bolus,  u.  sp.  (§  Panioulatfls). 

Ad  T.  arborescentem  accedit,  sed  foliu  majoribus  inferioribue  petuh 
latisj  achanut  nmonbas,  alia  muUo  angusUoribus,  differL 

Herba  annua,  undique  plus  minusve  glanduloeo-pubeseens,  30-50 
om.  alta;  oaulis  ereotus,  striatos,  intemodiiB  1-3  om.  longis;  folia 
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alberna,  ereoto-patentia,  inferiora  petiolata,  petiolo  semi-amplexicaule, 
I'S-S  om.  longo,  lanceolato-ovata,  acuta,  serrato-dentata,  puberula, 
nervis  primariis  tribus,  adscendentibus,  5-6*5  om.  louga,  2*6-8  em. 
lata,  folia  saperiora  amplexioanlia,  eepe  basi  aurionlala^  aoominata, 
integra,  1-3  om.  longa ;  capitnla  oraterifonnia,  0'8  om«  longa,  1  om. 
lata,  in  oorymbo  lazo,  6-9  cephab,  braoteolato,  dispodta ;  involnori 
squame  l-seriate,  lanoeolatee,  cuspidate,  maigiiiibiis  memfaranaoeis 
0*6-0*8  om.  longSB;  floras  radii  15-17,  ligalis  2  om.  longis ;  aohenia 
flomm  ladii  dono  rngoea,  0*4  om.  longa,  alia  0*1-0*15  om.  latia,  died  ? 
(monstooea  7)  teretia,  exalata,  0*8  om.  longa. 

Hab.  :  Little  Nama'land;  between  Port  Nolloth  and  Oogralnes, 
approz.  alt.  90  meters,  Aug.,  JSolw,  9607;  near  Spektakel,  appioz. 
all  460  meters,  Sept.,  BoZim,  9608. 

The  aohenes  In  onr  speoimens  have  fallen  from  the  heads,  and  we 
are  unable  to  determine  whether  the  terete  oxalate  form  belongs  to 
the  disk  or  the  ray  flowers,  although  most  probably  to  the  former. 
In  either  oase  they  might  be  a  monstrous  form. 

Gaza.via  lineakifolia,  Bolus,  n.  sp.  (Coiiiposita^-ArctotideaB). 
G.   Joins    cauliiiis,    r(ulicalibu.sqi(£    liiiairibujSy  setuloSO-cUuUis i 
invoiiicri  squamis  quinn  tubtis  du^lo  loiigioribus. 

Ad  G.  armerioidcin  accedit. 

Herba  pen  unis,  20-25  cm.  alta;  rhizoma  leliquiis  fibrosis  foliorum 
delapsonnn  iiiterdum  coronatum  ;  folia  pleraquc  radicalia,  adsccn- 
dentia,  rigida.  e  basi  dilatata  linearia,  acuta,  setaceo-iuucronata, 
marginibus  revolutis,  diatanter  setuloso-ciliatis,  subtus  nervis  3-5, 
promineiitibiis,  5-8  cm.  longa,  0'l-0'2  cm.  lata,  cauiina  distuutia 
sensim  minora  in  calyculum  abcunlia;  caulis  simplex,  erectus, 
tomentosus ;  capitulum  solitarium,  cyathiformc,  basi  votundatuni, 
2'5  cm.  iongum,  2  cm.  latum  ;  involucri  squama'  2-3-seriatai, 
lineares,  acuminata},  intimis  setaceis,  corollai  ligulus  tcqnantibus, 
extcrioribus  scabridis  rigide  ciliatis,  duplo  longiores  quaui  tubus, 
bracteolis  squamis  conformibus  vestitus ;  flores  flavi,  radii  ligulsB 
ca.  17,  subtns  disoolores;  achsBnia  dense  serioeo-villosa,  pappi 
squamis  biseriatis,  lanoedatis,  setaoeo-aouminatis. 

Hab.  :  Transvaal ;  grassy  places,  near  BeUast,  approz.  alt.  1,700- 
1,860  meters,  Dec,  E.  BoUa,  12067. 

This  approaches  to  the  genus  Berkhtiyopsis  O.  Hol&nann,  and 
perhaps  would  be  regarded  as  suoh  by  some  writers.  But  I  have 
been  unable  to  find  any  valid  oharaoters  by  whioh  to  separate  it  from 
Gasania. 
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Bbbxhbta  MiLLflBiANA,  Bolufl,  n.  8p.  (GoaipoBit»-AntotidMB. 

§  StobflBa). 

Ad  B.  seminiveam  Harv.  ct  Sond.  proxime  accedit,  sed  foliis 
majoribua,  nervis  ohscuris,  capitulo  aubtetsili,  squamis  involucri 
dUiaxUm'  cUiatis,  aubtua  olbO'UmenioaiB  dutinguitur, 

Herba  amraa,  ereota,  80  om.  alfca;  oanUs  simplex,  tota  longitudine 
foliatas,  BtriatuB,  paberolitB,  bmnneo  purpureus,  mtomodiiB  2*5> 
S'6  cm.  longiB;  folia  altoma,  semi-amplexieaiiUa,  inferiofa  lanoeolafto- 
oyata,  baai  angiutate,  aoata,  intennedia  lanoeolata,  wasgttaaok 
angaBte  lanoeolata,  erenukta,  spiiioBO-oOiata,  supeme  giabceaoentia 
nisi  Bpinis  panois  hino  inde  prope  marginem  annate,  infeme  albo- 
tomontofla,  nervis  obsomis,  primariis  ntrinque  6-6,  patentibos, 
5-9  em.  longa,  1*5-4  em.  late;  oapitolnm  Bcditerinm,  eraterifewrme, 
radiatam,  4  em.  !<Higam,  7  em.  latam;  inyohieri  aquamtt  Knearea, 
aoominatflB,  ligide  et  distentor  BpinoecHsiliatiB,  mnoronataB,  snperna 
pabernls,  infome  albo-tomentoes,  intimis  lignlae  aquantibiis,  qnam 
*  tebiui  eiioa  dnplo  longioree;  aoh«nia  TilloBa,  pappi  sqoamis  oblan- 
oeolatis,  obtosiB,  0*2  om.  longis. 

Hab.  :  Swarieland ;  "  High  Veld,"  'Mbabane,  near  Dalriaeh,  in 
grassy  places,  approx.  alt.  1,410  meters,  Deo.,  II.  Bolus,  12078. 

Named  in  honour  of  AUister  Miller,  Esq.,  of  Dalriaeh,  who  takes 
a  keen  interest  in  the  Flora  of  Swazieland,  and  who  afforded  me  fthe 
most  geneioas  assistenoe  on  my  oolleeling  toor. 

BuSHBTA  Fkanoibci,  BoluB,  n.  Bp.  (Oomposite-Arotetiden. 

§  Eaopis). 

B,  caule  iUbo-araneoso ;  foliis  supenie  cinereo-wraneotisj  infeme 
dense  alhO'Ummtosis.   B,  buphthahnoidei  {DC)  SekUr,  afims, 

Herba  annua,  valida,  erecte,  undique,  floribus  spinisque  exceptis, 
plus  minusve  dense  albo^tomentosa,  50-90  cm.,  alta;  caulis  simplex, 
basi  dense  foliosus,  internodiis  superioribus  4-6  cm.  longis ;  folia 
inferiora  oblonga,  pinnatifida,  aoate,  lobis  semiorbioularibuSi  sinnatis, 
15-20  cm.  longa,  4  7  cm.  late,  snperiora  sensim  minora  pauoioraque 
3-8  cm.  longa,  1-3  cm.  lata,  omnia  rigide  spinoso-ciliata ;  pedunculi 
ex  axUlis  folionim  caulinorum  erecto-pateutes,  apicem  vei*sus  magis 
aggregati,  3-4  cm.  longi  ;  capitnla  crateriforniia,  3  cm.  longa,  3  cm. 
lata  ;  involucri  squamae  4-seriattL',  lanccolatse,  acuniinatissimae,  in 
spinas  rigidas,  pun^ontes  desinentes,  margine  spinoso  ciliato,  intimis 
floras  radii  excecIentilHis  ;  radii  flores  20-30,  dlRci  uumerosi;  aohffinia 
dense  villoaa,  pappi  squainis  lanceolatis,  laceratis. 

Hab.  :  Gape  Colony  ;  district  Oudtshoom,  in  a  rocky  valley  on  the 
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summit  of  the  Zwartcbcig  Pass,  approx.  alt.,  1,480  meters,  Dec, 
Frank  Bolus.    No.  12082  of  my  lu  rh.  (in  herb.  Kevv,  Berlin,  &c.). 

A  fine  species,  somctiiiu'S  reaching  to  a  height  of  3  or  3^  ft.  Most 
nearly  allied  to  B.  huphlJuil inoiflcs  (DC),  ScJiUr.,  Journ.  Bot.,  1897, 
p.  343,  differing  hy  its  more  deeply  cut  leaves,  which  are  covered 
with  a  closer  white  felted  wool  on  the  under  surface,  and  by  its 
uarrower  involucral  scales. 

Ebioa  biota,  Bolos,  n.  sp.  (§Pyronium). 

E.  unilatcrali  Klotzsch  affinis,  fioribus  maJoribuSf  aristis  anthera- 
ruvL  libcris,  ovario  (jlabro  dijjcrt. 

Rami  erccti,  stricti,  approximati,  pallido  cinerei,  fere  glabri, 
18-20  cm.  longi  vel  ultra;  ramuli  semper  tcrni,  intcrnodiis 
0*6-3'3  cm.  longis,  primum  breviter  patentes  deinde  stricte 
adscendentes,  simplices  vel  iterum  et  similariter  ramosi,  dense  foliosi 
usque  ad  apicem,  puberuli,  1*2-7*5  cm.  longi;  folia  3-na  erecta  dense 
imfarioato,  juniora  duplo  longiora,  vetustiora  \  vel  ^  longiora  quam 
intomodia,  braTisdme  petiolata,  oblonga  vel  late  linearia,  sabobtaaa 
glabra,  sabtos  soloata,  marginibaB  nudis  leviter  inflexis,  0*2-0*85  om. 
loDga;  flores  terminales  nonnale  3-iia,  interdam  biiii  yd  solitarii, 
patentes  vel  deflezi,  rose!,  oorolls  limbo  disooloie;  pedioelli  albo- 
iomentosi  rosei,  0*2-0*3  om.  longi;  braoteas  omnee  arote  approximate, 
leviter  patentee,  lanceolatie,  infra  eoacioee,  apioe  oallo  foliaoeo 
ooloratoYe  desinenteB  ±  0*2  om.  long» ;  eepala  biaoteis  oonformia 
Bed  latiora  et  BubinsBqualia,  lanoeolata  ovatave,  apioe  oalloBo  magis 
distinoter  oanalionlato,  sepimi  roBea,  0*25  om.  longa;  oorolla  oyato- 
uroeolata,  lanoe  leviter  oonetzioto,  ore  latinaoiilo,  glabra,  0*6-0*56  om. 
longa,  limbi  segmenta  patentia,  eemi-orbionlaria,  minute  oiliolata, 
±i  \  loDgitudinis  tubas;  anthero  semi-exsertn  (demum  lortasBe 
ezserte),  laterales,  a  latere  visas  longitudinaliter  anguste  semi-ovatas, 
loves,  0-15  cm.  longae,  basi  aiistate,  aristie  liberis  striote  deflexia, 
longitodine  dioudio  antbersB;  stylus  exsertus;  stigma  capitatum; 
ovarium  globosum,  glabrum,  ovulis  numerosissimis  minutis. 

Hab.  :  Cape  Colony ;  Coast  Region ;  district  Laidismith,  on  tbe 
Little  Zwartberg  range,  near  Vaartwel  and  the  Gamka  River,  approx. 
alt.  900  meters,  ii.  June,  Dr,  E,  Marioth,  3993  1  (in  herb.  Kew, 
my  own,  &c.). 

Structurally  near  to  E.  laterdlis  Klotzsch,  but  with  larger  flowers, 
free  anther-awns,  and  a  glabrous  ovary.  The  remarkably  straight 
ternate  branches  and  very  regular  erect  leaves,  would,  if  they  should 
prove  constant,  distinctly  characterise  this  species.  But  tbe  material 
at  our  disposal  is  scanty. 

27 
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Phtllopodium  liiNEABiFOLiuM,  Bolus,  n.  sp.  (Sciopbulariacea). 

P.  habilu  Jruiicnloso,  foliis  li)ie(irihus. 

SulTnitex  oxsiccatione  baud  nigricans,  20  cm.  altus  ;  rami  fastigiati, 
piibcscentia  in  lineis  longitudiiiuliter  disposita  vcstiti  ;  folia  sessilia 
axillis  saepe  gemmiferis,  linearia,  acuta,  subcarnosa,  glabra,  sensim 
in  bracteas  abeiuitia,  1-20  cm.  longa,  01-0  15  cm.  lata;  spica-  nunc 
spbericai  nunc  ovatic,  i-l  -O  cm.  longae,  1*4-1*5  cm.  lata?  ;  bracteae 
lanceolatee,  acumiDatu),  longe  ciliatae  0*5  cm.  longo? ;  calyx  sub- 
nqaaliter  d-fidus,  tubo  0*1  om.  longo,  segmentis  lanceolatis,  acnmi- 
Dfttis  longe  oiUatis,  0*8  em.  longis ;  coroUa  0*6  om.  longa,  ore  paroe 
bttrbaia,  flava,  lobis  oblongis,  obtusis,  0*1-0*3  em.  loogis ;  antfaflnB 
Bianifesto ;  stylus  pobernliis  ooroUam  sBqnMis;  ovarium  glabram. 

Hab.  :  Oape  Colony;  at  the  foot  of  the  northern  slopes  of  the 
Zwartebergen,  near  Prince  Albert,  approz.  alt.  850  meterst  Deo., 
H.  Bolut,  12189  (in  herb.  Sew,  Brit  Mns.,  Beriin,  fto.). 

Harpagophytum  Pegler^,  Stapf.  (Pedaliace»). 

//.  proc innbenti  DC.  ajfinis  sed  fructu  ad  viargines  croiia  duplica 
iiyinoso-lohata  instructo  differt. 

Herba  procurabens  aspera  vel  novellis  exceptis  subglabra,  undique 
glandulis  mucilaginiferis  aspersa  ;  folia  elliptica  repanda  vel  pinnati- 
lobata,  lobis  grosse  repando-dentatis,  obtusa  basi  breviter  subcuneata, 
4-7  cm.  longa,  3-4-5  cm.  lata  :  petiolus  1-2  cm.  longus ;  florea 
solitarii  vel  in  cymis  axillaribus  sessilibus  2-  raro  3-floris ;  pedicelli 
sub  anthcsi  0"5-0-8  cm.  longi ;  calyx  ad  0-9  cm.  longus,  asperulus, 
segmentis  e  basi  lanceolata  subulatis ;  corolla  4-6  cm.  longa,  tubus 
inferne  ad  1  om.  anguste  cylindrious,  abhino  dilatatus,  ore  1  cm. 
diametro,  paUidns  vel  purpureo  solAisns;  limbns  8  om.  diam.,  pur- 
parens  vel  albidns,  lobis  snborbioularibns ;  oapsnla  ambita  elliptica, 
4*5  cm.  longa,  3  cm.  lata;  prominenter  nenrosa,  cresta  dapUea 
indnrata  lobata,  lobis  spinoso-dentatis  oiroamdata»  dorso  et  facie 
spinis  binis  breribus  coniois  vaUdis  rigidissimis  instmotis. 

Hab.  :  Transvaal  Ck>lon7 ;  in  sandy  loam  near  Bostenboig;  Jftiit 
AUu  PegUr,  10271  Waterbeig  district,  near  Warm  Bath,  in  the 
"Bosch  Veld,"  approz.  alt.  1,100  meters,  Jan.,  Sotm,  121991  (m 
herb.  Kew,  Bolns,  Ac.). 

ShZiAQO  bwasibnszb,  Rolfe,  n.  sp.  (Selaginaoee). 

Fhiticulus  nanus,  diffusus ;  oaules  teretes,  pubescentes,  ramosi ; 
folia  brevissime  petiolata,  late  elliptica,  subobtusa,  ssspissime  plus 
minusve  orenata,  pubesoentia,  O-d-l'd  cm.  longa,  0*2-0*8  om.  lata; 
iknres  snbsessiles,  capitolata,  capitulis  numerosis  in  panieulas  lazas 
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saboorymbosas  dispoaltb;  braoton  lineari-oblongsB,  obtuna,  sabin- 
oorve,  eiliatsB,  0'8-0'4  om.  longss;  calyx  oampannlatoa,  0*4  em. 
loogiiB,  puberulus,  brevHer  quinquelobus,  lobis  deltoideo-obloDgis, 
obtusis,  0  2  cm.  loDgis ;  corollaB  tubus  oblongosi  0*8  om.  longns,  lobia 
oblongis,  RubsBqualibus,  0*15-0-2  cm.  loDgis. 

Hah.  :  Swazieland  ;  grassy  hills  near  Dalriacli,  'Mbabane,  approx. 
alt.  1,450  met.K  i:>ec.,  H,  Bolus,  12226 1  "  Mores  albi."  (In  herb. 
Kew,  Brit.  Mus.,  Berlin,  &c.). 

Allied  to  S.  Muddii  Bol/e,  but  having  ratiier  larger,  less  numerous 
leaves,  heads  more  disposed  in  lax  panicles,  and  in  the  details  of  the 
flowers.  The  plant  shows  a  tendency  to  turn  black  in  drying,  in  this 
respect  resembling  .S'.  virniticola  Wood  &  Evans,  which  is  a  much 
taller,  less  decumbent  plant. 

Pbotba  chionantha,  Dolus,  n.  sp.  (Proteaceae-Protee®).    §  I.  Acro- 

cephake.    2.  Subacaulos). 

P.  Scolopcndritun  valde  affints  sed  oiniiihtis  partibus  mnlto  majoH' 
btis  et  !i([uiimifi  involiicri  iindique  dense  griseo-tomeutosis  dijfeil. 

CauHs  abbreviatus  ;  folia  sparsa,  erecta,  oblanceolata,  acutiuscula, 
lon;;;e  pctiolata,  marginibus  involutis,  rigidissima,  coriacea,  promin- 
enter  venosa,  glaberrima,  34  cm.  longa,  4-5  cm.  lata,  petiolis  13  cm. 
longis  ;  capitulum  sessile,  erecturn,  circa  15  cm.  longum,  14  cm. 
latum  ;  iovolucri  squama?  pluri-scriaUp,  imbricatac,  lanceolatac,  longe 
acuminatiE,  denso  tomonto  griseo  undique  tectie,  5-10  cm.  longaj ; 
calyx  8  cm.  longus,  tubo  cxtus  glabro,  intus  mai  ii;inibus  tantum  linea 
alho-tonicntosa  bone  definita  ornato,  so^mentis  dense  barbatis ; 
ovarium  dense  albo-pilosum,  1"2  cm.  lougum  ;  stylus  basi  latcialiter 
compressus,  6'7  cm.  longus;  stigma  filiforme,  sulcatum,  glabrum, 
0*7  cm.  longum. 

Hab.:  Cape  Colony;  ClaawiUiam  Diy.,  summit  of  Sneeuwkop, 
in  xodky  places,  approx.  alt.  1,940  meters,  A.  A,  Bodkin,  No.  867i  of 
berb.  Bolus  (in  herb.  Kew). 

I  am  informed  by  Mr.  C.  h.  Leipoldt,  who  knows  the  locality 
weH,  Chat  this  apeoies  oooors  not  infrequently  on  the  Sneeawkop, 
where  it  is  called  the  "  Sneenw-bloem,"  either  from  its  general  white 
appearanoe  or  from  the  fact  of  the  snow  often  lying  for  some  time  on 
the  broad-topped  heads. 

Omidia  Ebanoisoi,  Bolus,  n.  sp.  (Thymelaaaoes-Eugnidia.   §  Xnyo- 

luorate  (Grilg). 

O.  floribui  4-ifMfM,  eapituUi  iwoohteratiB  6'florii,  petaUs  bipartitit 
nu^utctUis. 

Rnitioulus  humilis  a  basi  paEoe  ramoeus,  ad  20  cm.  alt. ;  rami  rel 
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simptioeB  yel  semel  torve  drnai,  subtetragonit  gnoUes,  glabri  tbI 
apices  verans  pilosi ;  folia  opposite  eraota  imbricate  sabnlate  aeamina- 
tiesima  graoilia,  marginibtis  incnrfis,  dono  lotundate,  jimioiribat 
pilosis  apioe  barbatis  demnm  glabrascentibiui,  0*9-1*8  cm.  loogSi 
0-06-0*1  cm.  late;  floras  4-m6ri  sspiizs  (ao  semper?)  in  eapilolis 
6-fl.,  solitoriiSt  vel  oapitnlis  in  glomenalis  2-3  aggragatis;  btaoton 
involuciantos  5,  e  basi  lata  laoceolate  aomninatissimaB  paroe  {nlosa 
snbstriaiflB,  pallida,  0*86-0*4  cm.  longsB;  reccptaonhim  tubulosom 
apice  param  ampliatmn,  1-1-3,  vel,  post  acthesin,  usque  ad  1*7  cm. 
longum ;  sepala  ovate  vel  oblonga  0*4  cm.  longa,  cxtus  sericeo-villosa, 
intus  8ubglabra;  petela  bipartita,  segmentis  oblongis  c ire.  0*15  cm. 
longis ;  fnictus  ovatus  sericeo-villosus  subsessilis,  0*4  cm.  ioDgos. 

Hab.  :  Cape  Colony,  Oudtshoorn  district,  on  the  summit  of  the 
Zwartbezgent  near  the  Pass,  approx.  alt.  1,725  meters,  in  rocky 
places,  Deo.,  Frank  Bolus  (No.  11631  of  herb.  Bolus)  (in  herb. 
Kew,  &c.). 

The  habit  rescMiibles  that  of  G.  linoidea,  Wikstt.,  but  is  otherwise 
very  different ;  the  iiowers  are  cream-coloured. 
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ON  KOCK-ENGEAVINGS  OF  ANIMALS  AND  THE  HUMAN 
FIGURE,  THE  WORK  OF  SOUTH  AFRICAN  ABORI- 
GINES, AND  THEIR  RELATION  TO  SIMILAR  ONES 
FOUND  IN  NORTHERN  AFRICA. 

Br  L.  PlBiNauBT. 

Plates  XII.,  Xm.,  XIV. 

(Bead  May  dO,  1906.) 

Figures  engraved  on  hard  rocks  have  been  known  in  South 
Africa  for  some  time.  They  are  far  froui  uncommon,  along  the 
banks  of  the  Vaal  River  from  Vereeniging  in  the  Transvaal,  where 
they  have  been  quite  lately  discovered,  to  its  j unction  with  the 
Orange  River,  and  also  along  that  river  ;  they  have  been  found  in 
the  Klerksdorp  District,  in  the  Transvaal,  have  been  reported 
from  Kuruman,  and  are  known  to  occur  in  the  vicinity  of 
Vryburg.  They  are  found  in  the  Victoria  West  and  Britstown 
Districts  of  the  Cape  Colony,  in  Prieska,  Clanwilliam,  and 
Beaufort  West;  are  said  to  occur  in  the  Middleburg  District, 
Oape  Oolony,  in  the  Kalahari,  and  lately  they  have  been  dieooyered 
in  HnmanBdoip.  A  systematio  search  for  these  interesting '  relics 
will  probably  lead  to  their  discovery  in  many  other  parts  of  the 
Oape  Oolony  and  elsewhere  in  South  Africa.  I  am  not  aware  of 
any  of  them  having  been  met  with  north  of  the  looaUties  mentioned, 
and  the  rook  carvings  found  in  Southern  Rhodesia  are  pronounced 
to  be  altogether  di£forent  from  those  which  form  the  subject  of  this 
paper. 

But  it  is  not  in  South  Africa  only  that  these  "  rook-engravings," 
or  "graffiti,"  or  **rupestres"  are  found. 

Berth,  during  his  journey  in  Africa,  discovered  rock-engravings 
which,  from  his  description,  as  well  as  from  the  vignette  he  gives, 
are  of  a  workmanship  very  similar  to,  if  not  identical  with,  those  met 
with  in  South  Africa.  On  two  occasions  he  mentions  this  discovery 
in  his  "  Travels  in  Africa,"  London,  1857  (voL  i.,  chap.  xiL,  p.  293): 
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"  Notwithstanding  our  perilous  situation,  I  could  not  help  straying 
about,  and  found  on  the  blocks  over  the  tebki,  or  pond,  some  coarse 
rock-sculptures  representing  oxen,  asses,  and  a  very  tall  animal 
which,  according  to  the  K6b-owi,  was  intended  to  represent  the 
giraflfe."    Barth  was  then  to  the  north-west  of  Lake  Chad. 

(Ibid.,  chap,  ix.,  p.  196,  cum  fig.) :  Scarcely  had  we  pitched  our 
tents,  when  we  became  aware  that  the  valley  contained  some 
remarkable  sculptures  deserving  our  particular  attention.  The  spot 
where  we  had  pitched  our  tents  afforded  a  very  favourable  locality 
for  commemorating  any  interesting  events  ;  and  the  sandstone  blocks 
which  studded  it  were  covered  with  drawings  representing  various 
subjects,  more  or  less  in  a  state  of  preservation.  With  no  preten- 
sions to  be  regarded  as  finished  sculptures,  they  are  made  with 
a  firm  and  steady  hand,  well  accustomed  to  such  work,  and,  being 
cut  to  a  great  depth,  bore  a  totally  dififerent  character  from  what 
is  generally  met  with  in  these  tracts.  The  most  interesting  sculpture 
represented  the  following  subject,  the  description  of  which  I  am, 
unfortunately,  able  at  present  to  accompany  with  only  an  imperfect 
woodcut,  &c."  (Fig.  12). 


Fio.  12. 


"The  sculpture  represents  a  group  of  three  individuals  of  the 
following  character  and  arrangements.  To  the  left  is  seen  a  tall 
human  figure,  with  the  head  of  a  peculiar  kind  of  bull,  with  long 
horns  turned  forward  and  broken  at  the  point ;  instead  of  the  right 
arm  he  has  a  peculiar  organ  terminating  like  an  oar,  while  in  the 
left  hand  he  carries  an  arrow  and  a  bow — at  least  such  is  the 
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appearance — though  it  might  be  mistaken  for  a  shield  ;  between  his 
legs  a  long  tail  is  seen  hanging'  down  from  his  slender  body.  The 
posture  of  this  tij^uro  is  bent  forward,  and  all  its  movements  are  well 
represented.  Opposite  to  this  curious  individual  is  another  one  of 
no  less  remarkable  charactt  r,  hut  of  smaller  proportions,  entirely 
human  as  far  up  as  the  shoulders,  while  the  head  is  that  of  an 
animal  which  reminds  us  of  the  Egj'ptian  ibis  without  being 
identical  with  it.  The  small  pointed  head  is  furnished  with  three 
ears,  or  with  a  pair  of  ears  and  some  other  excrescence,  and  beyond 
with  a  sort  of  hood,  Ac;  over  the  fore  part  of  the  head  is  a  round 
line  representing  some  ornament,  or  perhaps  the  basilisc.  This 
figure  likewise  has  a  bow  m  us  right  hand,  but,  as  it  would  seem, 
no  arrow,  while  the  left  hand  is  turned  away  from  the  body. 
Between  these  two  half-human  figures,  which  are  in  a  hostile  atti- 
tade,  18  a  bullock,  small  in  proportion  to  the  adjacent  lineaments 
d  the  human  figure,  bat  chiselled  with  the  same  care  and  the  same 
skilfal  hand,  with  the  only  ezeeption  thai  ^e  leet  are  omitted,  the 
legs  tenninating  in  points — a  defect  which  I  shall  have  occasion  to 
notice  also  in  another  sculpture.  There  is  another  peculiarity  about 
this  figure — the  upper  part  of  the  bull,  by  some  accident,  having  been 
hollowed  out,  while  in  general  all  the  inner  part  between  the  deeply- 
ehiselled  outlines  of  these  sculptures  is  left  in  high  relief.  The 
animal  is  turned  with  its  back  towards  the  figure  on  the  right, 
whose  bow  it  seems  about  to  break.  The  block  on  which  it  was 
sculptured  was  about  four  leet  in  breadth  and  three  in  height.  It 
was  lying  loose  on  the  top  of  the  cliff." 

Berth,  of  course,  proceeds  to  attribute  to  these  sculptures  an 
Egyptian  origin,  but  those  acquainted  with  Bushman  paintings 
and  the  mythical  subjecte  often  represented  by  them,  will  see  there 
the  delineation  of  a  myth,  one  of  the  actors  being  the  Ibex ;  the 
other  personage  may  be  perhaps  "Heitsi-Eibit,"  the  one-legged  man, 
a  famous  person  in  the  mythology  of  the  Khoi  Khoin.  This  sugges- 
tion is  not  so  hazardous  as  it  might  at  first  appear.  I  give  (Fig.  18) 
a  reproduction  by  a  Bushman  artist  of  two  mythological  personages 
having  a  confabulation.  The  liead  and  neck,  which  are  painted 
white,  are  those  of  the  South  African  Rheebok,  or  perhaps  of  the 
Duiker  antelope ;  the  rest  of  the  body  is  human  and  painted  red. 
In  Earth's  vignette  the  head  is  what  is  known  to  the  Egyptologists 
under  the  name  of  Ibex,"  and  is  similar  to  that  occurring  on 
pottery  and  other  remains  of  the  pre-dynastic  Egyptian  race.* 

Of  course  it  is  not  an  Ibex,  because  the  horns  of  that  wild  goat 

*  Cf.  earthenware  box  of  the  Predynustic  Period  figured  in  "Bodged  Bgypt 
ia  the  MwUUOo  and  ▲xohaio  Period,"  voL  L,  190S,  p.  96,  Lond. 
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sweep  backwards,  but  it  might  be  the  representation  of  the  Dorcas 
or  the  Seemoring  gazelle,  the  horns  of  which  are  somewhat  long  and 
slender  and  their  tips  turned  inwards  and  forwards. 

Owing  to  the  gradual  penetration  of  the  French  into  the  Sudan, 
there  has  been  brought  lately  to  light  the  presence  of  '*  rock- 
engravings  "  in  the  southern  part  of  Algeria,  and  especially  in  the 
"In  Salah  "  region,  some  1,100  miles  as  the  crow  flies  from  the 
northern  part  of  the  Lake  Chad,  and  somewhat  in  the  direction  of 
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the  locality  mentioned  by  Barth,  but  also  further  south.  The 
Arabic  name  is  there,  "  the  written  stones." 

A  careful  examination  of  these  engravings  has  shown  that  they 
are  of  two  kinds. 

Not  only  the  technique  differs,  but  also  the  reproduced  figures, 
and  the  patination  is  different  according  to  M.  G.  B.  Flamand, 
of  the  Geological  Survey  of  Algeria,  who  discovered  and  investigated 
those  relips.*  In  several  places  he  was  able  to  find  representa- 
tions of  Biibaliis  antiquiis,  an  extinct  species  of  Buffalo,  whose 
surviving  ally  is  the  "  Arni "  or  Indian  Buffalo.  Distinguishing 
between  these  engi'avings  and  others  attributed  to  a  Lybico-Berber 
race,  M.  Flamand  says,  "  Prehistoric  man  possessed  a  sense  of 
drawing,  and  although  he  never  took  perspective  into  account,  he 

*   *  L'Anthropolo^ie,"  vol.  ii.,  p.  <>o5.    lUOO.  rni-iti. 
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has  produced  faithful  representations  which  are  not  without  a  good 
deal  of  spirit.  The  representations  are  line  drawings,  the  depth  of 
the  lines  varying  from  5  to  12  mm.,  and  they  have  a  thick  patina- 
tion.  The  Lybico-Berber  is  not  such  a  good  artist,  and  its  work 
consists  of  pointing  (pointillage) ;  figures  of  that  period  are  much 
less  darkly  patinated,  and  it  is  quite  easy  to  distinguish  tlie  former 
from  the  latter.  Moreover,  this  pointing  covers,  in  several  places, 
the  prehistoric  engravings  which  represent  a  fauna  no  longer 
existing  in  the  country  ;  the  elephant,  the  rhinoceros,  the  buffalo 
have  disappeared.    In  the  Lybico-Berber  engravings  the  reproduc- 
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tions  are  that  of  alphabetical  signs,  or  of  animals  still  living  in  the 
region,"  &c. 

In  the  figure  given  by  Pomel  in  his  paper  on  Bubalus  antiquus, 
Duv.,^'  and  here  reproduced,  it  is  easy  to  recognise  in  the  back- 
ground the  Rhinoceros  stjnus,  from  the  manner  it  carries  its  head. 
Pomel,  who  did  not  know  the  animal,  mistakes  it  for  the  wart-hog, 
Phacocharus  cethiopicns.  Flamand  is  therefore  justified  in  concluding 
that  it  is  impossible  to  admit  that  an  artist  might  have  depicted  by 
pure  chance,  and  in  several  places,  an  animal  which  no  longer  existed 
at  the  time  he  made  a  figure  of  it — figures  the  authenticity  of  which 
are  corroborated  by  a  study  of  the  reconstructed  skeleton.!    Thus  at 

*  "  Carte  Geologique  de  I'Algerie  Bubalus  Antiquus,*'  by  A.  Pomel.   Alger,  1893. 

t  Pomel,  loc.  cit.,  p.  81  et  tequit.  The  figure  is  almost  of  the  size  of  the  animal, 
viz.,  Im.  71c.  at  the  shoulder,  Im.  53o.  at  the  hindquarters.  The  restoration  of 
the  animal  gives  Im.  85<;.  aud  In).  70c.  respectively  as  the  height  of  these  parts, 
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very  remote  time  (recent  quarteraary)  there  were  in  Alj^eria  artists 
sufficiently  observant  and  skilled  to  represent  faithfully  the  animals 
they  then  saw,  by  using  stone  implements  as  tools,  just  as  in 
the  grottoes  of  Aquitaine,  prehistoric  man  engraved  on  bones,  or 
other  material,  figures  of  the  reindeer,  the  aurochs,  the  l>ear 
or  the  mammoth,  so  proving  his  contemporaneity  with  th^e 
animals. 

I  may  add  that  the  remains  of  a  buffalo  of  gigantic  size,  allied  to, 
but  difTeriiig  by  the  shape  of  the  horns,  from  the  Northern  African 
Buffalo,  I.e.,  Jhihaiu.s  b(U)i{,  have  l»oen  discovered  in  South  Africa;* 
and  that  1  found  with  its  remains  stone  implements  which  I  beheve, 
however,  to  be  of  a  posterior  date. 

Fonieau,  in  his  exploration  of  the  S^ara,  has  met  in  what  he  calls 
Zone  X,  in  the  monnteins  and  plateaux  of  the  Northern  Touaregs, 
rock-engravings  compaiaUe  to  those  first  mentioned  by  Barth,t  and 
these  he  desorihes  as  foUows  (p.  1067) : — 

"...  smooth  walls  of  granite  of  great  height;  these  vertleal 
rooks  are  covered  with  designs  (dessins)  of  all  kinds :  men,  giraffes, 
antelopes,  (?)  I  horses,  ostriches,  bustards,  gumea-fowls.  These 
representations  have  been  obtained  by  means  of  numeroos 
punchings,  not  simple  lines,  but  lines  formed  by  a  sort  of  closely* 
set  pointing  produced  by  numerous  blows,  and  giving  to  the 
line  a  certain  width.  These  engravings  are  covered  by  numerous 
inscriptions  in  Tiflnagh  and  Arabic  characters,  crossing  in  aU 
directions;  the  line  of  the  latter  is  finer,  and  the  workmanship 
is  different.  ...  On  the  banks  of  the  Ouad  Tidek,  rise  numerous 
rounded  hillocks  (mamelons),  natural,  not  artificial,  and  con- 
sisting of  large  blocks  of  gneiss  or  granite  with  more  or  less  fiat 
surfaces.  Most  of  these  blocks  are  covered  with  rock-engravings 
(sculptures  mpestres)  representing  men  with  large  phalli,  antelopes 
with  or  vnthout  horns,  girafiiBS,  ostriches,  guinea-fowls,  &c.  In 
those,  as  in  the  ones  above  mentioned,  the  outline  is  produced 
a  sort  of  pointing,  and  they  have  likewise  numerous  inscriptions  in 
Tifinagh  or  Arabic  characters  engraved  across  them." 

In  one  spot,  however,  the  traveller  found  the  representation  of  an 

antelope,  73  cm.  long  by  51  cm.  high,  engraved  in  simple  line,  and 

he  adds :   "  Further  south  (than  the  mountains  where  live  the 

northern  Touaregs)  I  did  not  meet  with  any  inscriptions,  but  I 

know  that  in  the  niouiitaiuous  parts  of  the  Air  one  comes  across 

a  fair  number  of  these  ri)ck-engravings.'* 

•  Orange  lliver  Colony,  Basutoland  ;  Darling,  Cape  Colony, 
t  "  Docomente  soieatifiqaes  de  la  Mission  Baharienne,"  par  F.  Foureau.  Paris, 
1906. 

I  Tbt        is  mfaM. 
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If  we  turn  to  the  South  AiEncan  engraved  stones  we  notice  that 
the  workmanship  differs  from  that  of  the  prehistoric  "  rupestres  '* 
of  Northern  Africa.  All  those  that  I  have  examined  or  of  which 
I  have  seen  photographs,  are  made  hy  pointing  or  punching,  not  by 
line  drawing,  except  one  which  pertains  to  both  these  processes. 
The  technique  is  thus  similar  to  that  of  the  Touareg  country.''' 

The  depth  of  this  pointing  is  variable. 

In  the  figs,  of  Plate  XIT.,  the  punching  is  deep  and  uneveo,  the 
surface  is  a  shaley  quartzite,  naturally  well  polishetl. 

Fig.  1  is  a  very  good  delineation,  on  the  same  kind  of  rock,  of  the 

Koodoo  {ShejH'iccroii  kudu). 

Fig.  2  is  that  of  an  undetermined,  somewhat  unreal  antelope, 
possibly  meant  to  represent  the  Blue  Wildebeest  {Conmchaetes 

iaurinus). 

These  two  figures  come  from  the  Klerksdorp  District  in  the 
Transvaal,  and  are  jji  oljably  the  work  of  the  same  artist. 

Fig.  3  is  a  giratle,  no  longer  drawn  in  outline  only ;  the  body 
is  also  pointed  or  etched ;  towards  the  edge  of  the  slab  is  seen  the 
head  of  another  giraffe. 

Fig.  4  is  an  ostrich ;  the  reproduction  is  excellent ;  there  also  the 
body  is  etohed,  and  the  attitude  is  perfeol 

Mr.  G.  J.  Swierstra,  of  the  Pretoria  Museum,  has  sent  me  exoelleot 
photographs  of  work  of  the  same  technique  and  also  found  in 
Kleriudorp.  They  represent  either  the  Ouinea-fowl,  or,  more  prob- 
ably, the  large  bustard  or  Gom  Paw  {OUe  hurij,  the  Gape  Ant-eater 
(Orycteropus  capeneie),  the  Gemsbdk,  the  Eland,  fta 

These  engravings  with  de^,  broad,  intaglio  pointmgs  might  be 
very  anoient  or  not  The  suzfaoe  of  the  rook  and  the  lines  of  the 
animals  do  not  show  much  trace  of  weathering.  But  the  same 
cannot  be  said  of  the  engravings  found  along  the  banks  of  the 
Orange  Biver  or  of  the  Yaal  Biver.  There  the  rook  chosen  is  the 
smooth  surface  of  boulder-like  masses  of  weathered  dolerite,  or 
diabase. 

5  of  Plate  XTTT.  is  incomprehensible.  It  is  impossible  to 
say  if  hieroglyphs  are  meant,  or  if  it  is  merely  the  expression  of 
a  whimsical  fancy  on  the  part  of  the  engraver.  The  lines,  for 
they  aie  lines  rather  than  pointings,  are  the  deepest  I  have  yet 
seen. 

Fig.  6  represents  a  Gemsbok  {Oryx  gazella)  checking  itself  while 
at  full  speed  before  the  extraordinary  object  set  before  it ;  at  an 
angle  of  the  face  of  the  rock  is  a  similar  figure  which,  not  having 

*  Line  drawings  have,  however,  been  disoofind  quite  lately  ef  a  fSr  wagrnkf 
tjpe,  and  viU  be  the  aab^ecit  of  aoothwr  nolo. 
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bean  ohalked,  does  not  appear  in  the  figure.  Is  it  intended  to 
alarm  the  game  and  drive  it  into  anotlier  direction  ?  I  am  informed 
by  Mr.  C.  £.  Stewart  that  he  has  seen  many  similar  figures  that 
look  like  pcgged-out  akinB  near  Euraman  on  rooks  forming  the  bottom 
of  a  "  pan." 

Fig.  7  is  that  of  an  Ostrich  seemingly  rising. 

Pig.  8  is  that  of  the  Wildelwest.  Judging  from  the  shape  of  the 
horns  it  is  not  the  Black  Wildebeest  {Connochaet^R  ^^'hich 
is  there  represented,  but  its  ally,  the  Brindled  Gnu  {ConiUH  iinetf^ 
taurinus),  which  is  found  now  further  north  only.  The  uitiiude 
of  the  animal,  which  is  so  remarkable  owing  to  the  great  sloping 
of  the  hindquarters,  is  admirably  reproduced. 

On  other  stones  are  depicted,  among  others,  a  two-horned 
rhinoceros  and  an  equine  animal,  probably  a  zel)ra,  &c.  The 
original  rock-enf^ravings  are  in  the  South  African  Museum.  The 
hollowed  partrt  have  been  very  carefully  touched  with  chalk  to 
bring  theni  out  clearly  enough  to  be  photographed,  because  the 
figures  engraved  on  the  dolerite  rock  are  not  deep  ;  many  seem 
to  have  weathered  away  at  the  same  ratio  as  the  surface  of  the 
rook  itself ;  in  many  the  patina  is  almost  that  of  the  untonohed 
rook  surfaoe,  the  oatiine  and  etohed  parts  are  worn  oat  nearly 
flush  with  the  ongmal  plane  of  the  rook.  Most  of  them  wodd 
be  passed  nnnotioed  even  by  people  in  searoh  of  them,  ezoept  when 
dew  or  rahi  has  been  retained  in  the  Ywy  shallow  oa'vities.  Per- 
sonally  I  think  that  some  specimens  of  this  type  of  rook  engravingi 
are  extremely  anoient 

VSgs.  9  and  10  of  Plate  XIV.  are  a  good  reproeentation  <A  snob 
engraTed  stones  photographed  in  tUu,  They  were  kindly  sent  me  by 
Bir.  F.  B.  Parkinson,  who  writes:  **One  of  the  stones  is  within  a  few 
yards  of  the  other,  and  the  engnmng  is  not  apparently  so  old,  as 
photographs  show  it  without  whitening.  The  bhrd  in  left-hand  bottom 
corner  is  evidently  a  recent  production/*  This  is  probably  the  teoe 
explanation.  The  sur&oe  of  one  stone  has  undergone  more  weather- 
ing than  the  other  because  it  is  of  an  older  date.  The  texture  of  the 
stone  is  the  same,  and  the  exposition  identical.  It  may  be  ai^goed 
that  this  Karroo  dolerite,  in  spite  of  its  hard  texture,  weathers  away 
very  rapidly,  or  that  the  depth  of  the  engravings  will  greatly  depend 
on  the  depth  of  the  orost  of  the  surface.  But  the  depth  of  the 
pointing  does  not  vary  much  in  the  engravings  from  the  neighbour- 
hood of  the  Orange  Kiver  Colony  observed  by  or  sent  to  me  by 
Mr.  Parkinson.  The  tools  used  for  the  work  have  been  foimd 
iji  sitjh  They  are  flakes  with  well-rounded,  uneven,  worn-out 
points,  made  from  a  shale  hardened  by  the  intrusion  of  dolerite,  and 
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they  have  s  very  distinet  patination.  On  one  very  large  boulder, 
ihe  smooth  surface  of  which  bears  the  reproduction  ci  a  rhinoceros, 
and  also  of  probably  a  sebra,  which  are  no  longer  clearly  defined,  the 
erost  of  the  under  surface  on  which  the  boulder  rested  is  of  the  same 
thickness  as  that  of  the  smooth  upper  surface,  although  it  was  cer- 
tainly more  protected  in  that  situation  from  weathering  agencies, 
and  the  wearing  away  of  the  engraving  must  have  taken  a  very 
considerable  time.  There  is  also  another  reason  why  some  of  these 
inscriptions  should  prove  to  be  very  ancient.  They  are  not  always 
found  on  the  Karroo  dolerite  mentioned  above,  but  also  on  the 
glaciated  surface  of  diahase  rocks  forming  at  Biverton  the  bed,  and 
at  other  places  the  banks  of  the  Vaal  River.  They  have  not  been 
obliterated  either  by  the  flow  of  water  or  by  ordinary  weathering. 
There  is  no  reason  to  believe  that  the  etchings  were  originally  much 
deeper  thnn  the  striated  f^lacial  lines,  but  somo  of  them  have  bocoino 
ver\'  faiiu.  In  the  N'ictoria  West  District  the  engravings  are  hardly 
distinct  from  the  background. 

Another  kind  of  technique  is  recorded  by  Mr.  M.  J.  Jackson,  who 
states  *  that  while  on  patrol  some  thirly-five  years  ago  among  the 
kloofs  of  tlu!  Zwartberg,  in  the  Kenhardt  District,  Cape  Colony, 
he  found  a  tine  engraving  in  relief  oi  an  antelope.  That  is  to  say, 
the  surroundings  of  the  outline  had  been  chipped  away.  1  have  not 
been  able  to  trace  any  specimens  of  this  kind. 

Kock-engravings  made  by  lino  drawings  are  also  found  in  the  Cape 
Colony.  My  friend,  Mr.  II.  C.  Schunke-Iiollway,  made  copies 
in  1873  at  .Jagdpanfontein  in  the  district  of  Kenhardt,  Cape  Colony, 
of  a  number  of  these,  lie  is  quite  sure  that  the  engravings  were 
not  pointed  or  punched.  In  this  locality  the  variety  of  figures 
depicted  is  great  Next  to  faithful  reproductions  of  an  ass-like 
animal,  possibly  a  aebra,  an  eland,  a  kudu,  a  multi-striped  zebra, 
inferior,  however,  in  delineation  to  the  examples  I  have  mentioned 
or  figured,  are  depicted  fimdful  repiessfntations  of  a  chameleon, 
14  inches  long,  with  ito  huge  tongue  protruding,  and  having  a  long, 
erect  mane,  and  the  tail  of  a  baboon;  a  monitor  (FarofiM)  has  a 
orest  over  ito  nose ;  a  wart-hog  {Phoieoektmut)  has  a  third  tusk  in 
the  shape  of  a  marie  of  interrogation  curving  above  ito  head ;  an 
eland  has  a  bifid  horn  shorter  than  the  ears,  and  is  adorned  with 
two  twisted  appendages  in  the  centre  of  the  face,  while  an  antelope, 
which,  like  the  eland,  is  otherwise  fairly  delineated,  bears  instead 
of  horns  a  straight  process  divaricating  at  ri|^t  angles  at  the 
top,  Ac. 

*  Bttan  ahoiviBg  thB  IMstricU  and  the  places  within  them  ia  idiidh  Bodunsn 
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An  examination  of  these  line  engravings  could,  alone,  enable  one  to 
judge  if  the  technique  of  the  work  is  really  very  dissimilar  from  the 
engravings  done  by  pointing,  I  am  informed  that  in  the  Prince 
Albert  District  line  engravings,  very  shallow,  are  of  common  occur- 
rence, but  as  the  sketches  shown  me  are  those  of  a  woman  with 
European  dress,  itc,  and  the  lines  are  merely  scratched,  ihey  need 
not  be  taken  here  into  consideration.  Mr.  Parkinson  informs  me 
that  after  he  had  shown  some  of  the  men  on  the  farm,  hybrid 
Korannas,  the  engraved  rocks,  one  of  them  set  immediately  to  carve 
one  in  line,  but  it  was  a  man  on  horseback. 


It  is  worthy  of  note  that  the  figures  of  man  are  very  poor  in 
design,  and  very  inferior  to  those  of  the  animals.  Mr.  A.  du  Toit, 
of  the  Cape  Geological  Survey,  has  very  kindly  sketched  for  me  the 
engraving  at  Warrenton,  on  the  Vaal  River,  of  what  appears  to  be 
the  figure  of  a  baboon  in  an  erect,  semi-human  attitude ;  associated 
with  it  is  a  zebra  conspicuously  striped  all  over  the  body.  At 
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Jngdpaiifontein  there  is  depiotod  ft  man  ^th  ft  nuilformfttioii  of 
one  hand,  and  proYided  with  ftn  enormotis  phallus  not  repfeeented 
in  the  figure  (Fig.  15). 

This  is  another  point  of  similitude  with  the  "rupestres"  mentioned 
by  Eouieau,  loc.  rit,,  p.  1096. 

Stowo,  in  his  book,  "  The  Native  Baces  of  South  Africa," 
London,  1905,  p.  13,  says :  "  The  Bushman  tribes  with  regard  to 
their  artistic  talents  were  divided  into  painters  and  sculptors,  and 
judging  from  the  relics  they  have  left  of  their  former  ownership 
they  entered  the  widespread  territories  of  South  Africa  by  two 
different  lines  of  migration.  The  sculptors  moved  to  the  southward 
as  far  into  the*  Cape  Colony  as  Beaufort  West  and  the  Sneeuwherg. 
The  painters,  on  the  other  hand,  appear  to  have  advanced  through 
Damarahmd  along  the  western  coast ;  on  arriving  at  the  great 
mountain  ranges  in  the  south,  they  turned  to  the  eastward,  in  which 
direction  they  can  be  traced  as  far  as  the  mountains  opposite 
Delagoa  Bay." 

I  am  of  opinion  that  there  is  no  foundation  for  a  theory  based  on 
such  artistic  considerations,  hecause  rock-paintings  occur  also  in 
places  where  rock-engravings  are  found.  NVe  know  also  from  the 
subjects  depicted  that  some  of  these  Bushman  paintings  have  been 
made  within  recent  times.  Such  an  one  is  a  picture  in  the  Cradock 
District,  Cape  Colony,  of  European  soldiers  on  the  march,  with 
the  commanding  officer  on  horseback,  men  with  the  "bear  skin," 
sappers,  &c.  This  probably  represents  the  landing  or  parading 
of  EngUsh  troops  at  Port  Elizabeth  at  the  time  of  the  settlement 
there.  But  thevs  is  no  evidence  that  "rock-engravings"  were 
made  lately.*  It  is  possible,  however,  that  both  the  arts  may  have 
been  known  or  practised  at  the  same  time  by  the  sftme  people. 
The  paintings  would  have  decayed,  the  engravings  remained  well' 
nigh  inqierishable.  This  possibility  would,  at  first  sight,  be  borne 
out  by  the  discovery,  quite  lately  made  by  Mr.  J.  M.  Baui,  of  a 
**  rook-carving  "  painted  over  witii  red  ochre,  in  the  Humansdoip 
District  of  the  Oape  Ckikiiy.  Hie  plftoe  on  which  this  engrsving 
was  found  is  in  a  nanow  gorge,  where  game  pits  with  the  stakes 
at  the  bottom  were  still  preserved,  and  disposed  in  such  a  way  that 
ft  driven  animal,  if  it  avoided  one  could  not  but  hXL  in  the  other. 
It  is  also  equally  possible  that  the  hedisening  of  the  engraved  part 
is  comparatively  a  recent  act 

The  comparison  of  some  of  the  rock-engravings  of  Southern 
Algeria  and  of  those  of  the  Sudan  with  those  of  Southern  Africa, 

*  Bev.  WM^htl,  of  Iniel,  on  the  VmI  Bivnr,  Msoret  me  that  he  hat  teea  there 
a  loek-engiaviiig  rwpniienHng  a  moimted  man  in  the  aet  of  aoiiing  a  man  in  fli^t. 
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the  technique,  the  subjects  reproduced,  are  strong  evidsnces  that  the 
aborigines  of  (he  North  and  those  inhabiting  at  one  time  South 
Africa  were  of  one  race.  The  greftt  antiquity  of  the  race  that  onoe 
inhabited  Southern  Algeria  is  proven  by  its  representation  of  pre- 
historic extinct  animals,  and  representations  of  such  a  gigantic  '=ize 
and  of  extinct  animals  have  not  yet  been  discovered  in  South  Africa 
it  is  true,  ultliough  here  also  we  had  a  buflfalo  probably  more  gigantic 
still  than  the  one  depicted  in  Northern  Africa.  But  there  is 
evidence  all  over  South  Africa  of  a  palcBolithic  Stone  Age  which 
cannot  be  attributed  to  a  Bushman  race,  and  which  finds  its  exact 
counterpart  in  Nortliei'n  Africa  and  ulso  in  the  Congo  Region.  On 
the  other  liand,  \vc  have  also  evidence  here  of  a  neolithic,  a  recent 
age,  which  is  asciibable  to  the  Bushman  or  Straud-Looper,  in  the 
shape  of  the  very  minute  stone  implements  with  numerous  sfcondary 
ohippings,  used  for  boring  small  disks  of  ostrich  shells.  Identical 
implements  and  similarly  bored  ostrich-shell  beads  are  found  in 
Algeria,  Tunis,  Egypt,  the  Sudan,  and  Ab>  ssinia.* 

Nor  must  it  be  forgotten  that  the  date  of  the  history  of  Egypt 
is  receding  more  and  more  as  new  discoveries  are  made  ;  that  there 
existed  a  prc-dynastic  race  which  retained  many  of  the  physical 
attributes  of  our  modern  Bushmen  and  Hottentots,  and  that  many 
scientific  men  of  repute  are  of  opinion  tliat  these  Bushmen,  or 
Hottentots,  as  we  call  them  here,  are  the  remnants  of  that  race 
which  have  moved  southward. 

*  I  mention  bon  only  one  oese  in  point.  The  othen  an  dealt  with  in  another 
paper. 
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SOME  UNDESGBIBED  OENEBA  AND  BPEOIES  OF  SOUTH 

AERIOAN  BHYNOHOTA. 

Bt  W.  L.  DnvANT. 

So  far  as  I  am  aware  this  short  paper  oontains  the  first  record  of 
the  EBUDily  Plvjuuitiihp  being  found  in  the  Ethiopian  region,  and  as 
the  two  species  here  described  must  necessarily  constitute  a  very 
meagre  representation  of  these  intercstinf:?  insects,  it  is  to  be  hoped 
that  South  African  entomologists  at  least  will  endeaTonr  to  increase 
our  knowledge. 

Little  is  known  of  the  Homopterous  fauna  of  this  region  beyond 
the  C'icadidip  :ind  the  larger  Fulgoridie  ;  I  therefore  cannot  bclp 
appealing  to  the  same  quarter  for  help  in  the  elucidation  and  record 
of  these  somewhat  neglected  insects. 


HETEROPTERA. 

Vuaa  PHYMATIDiB. 

KABINA,  gen.  nor. 

Head  long,  margins  sabparallel,  postoonlar  portion  a  little  longer 
than  the  anteoonlar;  ocelli  placed  a  little  nearer  to  base  than  to 
eyes;  antennos  short,  robust,  basal  joint  aboat  as  long  as  from  eyes 
to  apex  of  head,  robust,  ooarsely  granulate,  second  and  tlurd  joints 
short,  cylindrical,  ^ioal  joint  longest,  fusiform,  distinctly  narrowed 
at  apex,  a  little  narrowed  at  base;  rostrum  extending  to  about  middle 
of  prostemum,  first  joint  robust,  nearly  reaching  middle  of  postocular 
portion  of  head,  seoond  joint  a  little  shorter  than  tot,  apically 
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narrowed  and  passing  base  of  head*  third  joini  short  and  slender, 
about  half  the  length  of  second;  proeternum  channelled  for  the 

reception  of  the  rostrum ;  pronotum  sinuately  narrowed  to  apex 
from  lateral  angles  which  are  prominent  and  apically  suhtruncate, 

lateral  margins  obscurely  crcnulatc,  anterior  angles  sultprominent, 
anterior  margin  truncate,  posterior  margin  subtruncate  and  about 
as  wide  as  base  of  scutellum,  disk  with  two  central  slightly  diverging 
carinations  ;  scutclluni  consideralily  longer  than  lialf  the  length  of 
abdomen,  its  apex  a  little  narrowed  und  convexly  rounded,  its  lateral 
margins  strongly  carinate  ;  abdomen  moderately  convexly  rounded 
on  each  side  ;  membrane  slightly  pashing  abdominal  apex  ;  anterior 
coxtc  longest.  Allied  to  the  Oriental  genus  Ambiythyreus,  Weetw. 
Type :  N.  capensis,  Dist. 


Nabina  OAFBSfOB,  sp.  n. 

Strammeoiia ;  head,  disk  of  picnoHun,  broad  i^ex  to  fleatottain, 
membmie,  aod  fini,  seoond,  and  thizd  joints  of  antoiuuB  pak 

oastaneoos;  lateral  and  basal  margins  of 
head,  nanow  anterior  margin,  four  diseal 
q^ots  in  transverse  series,  lateral  pos- 
terior angles,  and  posterior  margin  of 
]^notum,  broad  basal  an^es  and  narrow 
apical  angles  <^  oorium,  and  a  small  sub- 
apical  spot  on  each  lateral  matgin  of 
sontellnm,  piceous ;  apices  of  intemoediate 
and  posterior  tarsi  black ;  antenna  grann- 
late,  the  first  and  second  joints  more  promi- 
nently so :  head  and  pronotum  finely  and 
somewhat  greyishly  gianulate,  tlie  latter  levigate  on  anterior  disk 
and  near  anterior  lateral  margins  and  with  two  short  discal  pos- 
teriorly divergent  narrow  discal  carinations,  apices  of  posterior 
lateral  angles  subtruncate ;  scutellum  rcticulately  granulate,  the 
apex  rugose;  corium  finely  wrinkled  and  punctate;  connezivum 
granulose. 

Long.  8^  mm. ;  oxp.  pronot.  angl.,  3  mm. 

II ah.  Cape  Good  Hope;  Table  Mountain  (W.  Bovins — Brit. 
Mus.). 

Nabina  blisabatha,  sp.  n. 

Purplish-red  ;  basal  joint  of  antennie,  anterior,  posterior,  and 
lateral  margins  of  head,  two  short  fasciae  on  anterior  area  of 
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pronotum,  and  two  spots  and  a  short  central  line  on  its  posterior 
area,  and  the  apical  angles  of  the  corium,  black;  lateral  margins 
(broadly)  and  posterior  margin  (narrowly) 
of  pronotum,  connexivum,  body  beneath  and 
legs  stramineous ;  a  black  spot  behind  the 
anterior  coxae,  and  a  central,  discal,  ventral, 
purplish  fascia ;  basal  joint  of  antenncB  very 
coarsely  gi-anulose,  the  apical  joint  some- 
what piceous  near  apex ;  head  coarsely 
granulose  on  lateral  and  posterior  margins ; 
pronotum  finely  granulose,  with  two  discal 
carinations  on  anterior  area,  apices  of  the 
posterior  angles  obliquely  subtruncate ;  scu- 
tellum  granulose,  its  apical  area  mutilated  in 
specimen  described  as  shown  by  the  pale  area  in  the  figure ;  corium 
finely  punctate ;  membrane  with  a  slight  purplish  tint ;  extreme 
edge  of  connexivum  finely  granulose. 

Long.  9i  mm. ;  exp.  pronot.  angl.,  3  mm. 

Hab.    Cape  Colony  ;  Port  Elizabeth  (ColU  Dist.). 


HOMOPTERA. 

Family  FULGORIDiE. 
Sub-Family  DICTYOPHARINiE. 

ENGELA,  gen.  nov. 

Head  very  robustly  prolonged,  incompletely  tricarinate,  lateral  ' 
margins  carinate  ;  face  with  the  margins  subparallel,  tricarinate, 
the  carinations  not  reaching  the  clypeus ;  clypeus  distinctly  centrally 
carinate ;  pronotum  about  as  long  as  eyes,  tricarinate ;  mesonotum 
about  twice  as  long  as  pronotum,  strongly  tricarinate ;  legs 
cylindrical,  posterior  tibia?  with  three  spines  and  posterior  tarsi 
moderately  dilated ;  tegmina  about  three  times  as  long  as  broad,  the 
veins  more  or  less  reticulate  on  apical  area ;  wings  narrow,  apical 
area  defined  by  two  discal  transverse  veins. 

Type  :  G.  minuta,  Dist. 
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Body  and  legs  ochraoeouB  or  yiresoent,  oarine  to  pro-  and 
meaonota  pale  viresoent;  abdomen  with  the  base  and  the  oentcal 

lateral  areas  castaoeoiii^ 
the  latter  intersected  with 
two  longitudinal  series  of 
pale  spots ;  femora  with 
oastaneoos  longitudinal 
lines ;   posterior  tibia 
with  three  sfunes  tipped 
with   blaok ;  oephalio 
process  long  and  Tery 
robust,  about  as  long  as 
abdomen,  above,  with  two  fine  longitudinal  carinations  which  are 
ampliated  at  region  of  eyes,  between  these  a  short  obscnre  basal 
oarinalion,  apex  a  little  globose  and  spotted  with  dark  castaneons; 
face  tricarinate,  pro-  and  mesonota  tricarinate,  the  curinations  per- 
ouiTont ;  tegmina  and  wings  subbyaline,  talc-like,  tegmina  with  the 
radial  vein  and  the  aploal  area  foscous  brown,  the  latter  palely 
broken  between  the  veins ;  stigma  pale  stramineous ;  wings  with 
the  venation  fosooas  brown,  and  the  apex  slightly  shaded  with  the 
same  colour. 

Long.  excl.  tegm.,  G  mm. ;  exp.  tegm,,  12  mm. 
Hob.   S.  Airioa  (ManseU  Weale— Ck)lL  Disk). 

PUIALA  TBAMBVAALIBMSIS,  Sp.  tt. 

Head,  pronotnm,  body  beneath  and  legs  doll  oohraoeoos ;  meeo- 
notom  brownish  ochraceous;  abdomen  above  eastaneons>btown, 
witii  two  central  longitudinal  series  of  ochraoeoos  spots,  and  with 
three  longitudinal  series  of  small  greyish-white  spots  on  each  lateral 
area  ;  legs  linearly  streaked  with  castancous,  posterior  femora  sab* 
apioally  spotted  with  oastaneous;  cephalic  prooess  about  as  long 
as  pronotmn  and  mosonotum  together,  a  little  upwardly  recurved; 
faoe  hmg,  narrowed  anteriorly,  gradually  widened  posteriorly  from 
eyes,  tricarinate,  the  lateral  carinations  scarcely  extending  in  front 
of  eyes ;  clypeus  globose,  strongly  centrally  and  marginally  carinate, 
its  apex  more  or  less  castaneons ;  posterior  tibiaj  with  five  spines 
of  which  the  throe  ba'^al  spines  are  placed  more  closely  together, 
their  apices  black  ;  |noiiotuiii  tricarinate  with  a  small  foveate  spot 
on  each  side  of  the  central  carination ;  mesonotum  tricarinate; 
tegmina  hyaline,  basal  venation  oohraceous,  extreme  maigias  fiisooos, 
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on  apical  area  all  the  transverse  veins  are  iofoaoato,  the  upper  apical 
area  inclading  the  stigma  dark  fusooos  brown ;  wings  hyaline,  ihe 
eztoeme  margins  and  venation  of  apioal  area  fuscons. 

Long.  excl.  tegm.,        mm. ;  exp.  tcgm.,  13-15  mm. 

Hab.  Transvaal  (Brit.  Mus.);  Pretoria  (Coll  Dist.  and  Pret 
Mus.). 

Allied  to  r.  aj)!C([t(i,  Mt-lich.  from  North-Ea<^t  Africa,  but  dilToring 
from  the  description  of  that  species  by  its  much  smaller  size, 
different  markings,  &o. 


Cephalic  process  long,  slender,  of  abont  equal  breath  thronghoat 
from  before  eyes  to  apex,  margins  earinate,  onder  side  or  faoe  only 
slightly  eztenduig  behind  eyes,  its  lateral  margins  erennlate,  its  disk 
snleate,  between  eyes  the  head  is  hollowed  between  the  oarinate 
margins;  olypens  globoee  oentrally  ohsoorely  earinate;  pronotom 
abont  as  long  as  eyes,  oentrally  strong^  oarinate ;  mesonotnm  abont 
twioe  as  long  as  pronotom,  finely  trioacinate ;  abdomen  moderately 
long ;  anterior  tibia  not  dilated;  posterior  tibi»  with  fonr  spines  the 
basal  one  short;  rostrum  reaohing  the  posterior  ooxe;  tegmina 
long,  more  than  three  times  longer  than  broad,  venation  longitudinal 
to  apical  area  where  ^ere  are  transverse  veins;  wings  mnoh 
broader  than  tegmina. 

Type :  A,/a8oiata,  Diet 

Bhaba  fasoiata,  sp.  n. 

Head  oohraoeous,  the  lateral  ridges  to  anterior  prooess  above 
hlaok,  and  beneath  spotted  with  blaok;  pronotom  brownish- 

oohraceous  with  a 
oentral  pale  oohra- 

eeons  fascia ;  meso-  I  § 

notum  black  with  a  t   I  i  I 


BHABA,  gen.  nov. 


oentral  longitudinal  ~      \  ft  /  ^^Ex* 


carinations  also  of  '  I  ^"^i^  » 

the    same    colour ;  I       1  • ' 

abdomen    above  I       \  ^ 


black  with  two 
waved  macular 


pale  oohraceous 
fascia,  the  lateral 


octuraceous  fasciae  oa  each  lateral  area,  the  lateral  majgim^  spotted 
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with  tho  same  colour;  body  beneath  and  legs  ochraceous,  lateral 
margins  of  sternum  spotted  with  black  ;  tegmina  very  pale  ochraceous, 
semi-hyaline,  apical  area  marginally  broadly  fuscous,  commencing  ut 
stigma,  continued  round  apex,  and  terminating  on  inner  margin  near 
end  of  clavus,  this  fuscous  coloration  broken  by  paler  venation  ; 
wings  pale  hyaline;  cephalic  process  long,  robust,  porrect,  from  in 
front  of  eyes  as  long  its  abdomen,  ai)0ve  cetitrally  carinute  ;  veins  of 
clavus  united  before  middle;  spiues  to  posterior  tibiaQ  concoiorous, 
faintly  tipped  with  black. 

Long.  excl.  tegm.,  9  nun. ;  exp.  tegm.,  15  mm. 

Hab.    S.  Africa;  ^aujiMjualand  [CoW.  Dist.). 
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DISCUSSION  OF  THE  ERROES  OF  CERTAIN  TYPES  OF 
MINIMUM  SPIRIT  THERMOMETERS  IN  USE  AT 
THE  ROYAL  ALFRED  OBSERVATORY,  MAURITIUS. 

By  A.  Walter,  F.R.A.S., 
Chi^  AuUtant. 

(Bead  October  81, 1906.) 

Since  the  year  1902  the  coizeotlons  to  the  mininiTim  spirit  tiier- 
mometers  in  use  at  the  Boyal  Alfred  Observatory,  Mauritias,  have 
been  obtained  from  daily  comparisons  between  the  readings  of  the 
spirit  and  the  corrected  readings  of  a  meroorial  Standard  ther- 

mometer,  made  near  the  time  of  minimum  temperature,  in  accord- 
ance  with  the  results  of  the  "  Investigatioii  of  the  Degree  ol 
Accoracy  of  Self-registering  Maximum  and  Minimum  Thermo- 
meters "  published  in  the  "  Introduction  to  the  Mauritius  Mag- 
netical  and  Meteorological  Observations  for  the  year  1901 "  (p.  xxv). 

The  present  discussion  was  undertaken  at  the  request  of  the 
Director  of  the  Koyal  Alfred  Observatory,  in  view  of  the  occasional 
large  difTciences  between  the  minimum  temperatures,  as  shown  by 
a  minimum  spirit  thermometer  thus  oorreoted,  and  the  lowest  points 
on  the  thermograms. 

Tabic  I.  shows  the  results  of  the  oomparisons  made  during  the 
montli  of  November,  1905. 

The  minimum  tliermometer,  Casella  No.  1,470,  was  mounted  in 
the  Thermograph  screen  with  its  bulb  at  a  distance  of  about  1  foot 
from  the  mercurial  Standard  No.  714,  which  used  to  standardise 
the  photographic  records  of  the  Beckley  Thermograph,  as  follows: 
The  observer,  while  reading  the  Standard,  touches  for  a  few  moments 
the  bulb  of  the  Thermograph  thermometer,  thereby  causing  a  slight 
temporary  dislocation  in  the  photographic  curve,  so  that  the  exact 
instant  at  which  the  Standard  is  read  is  recorded.  He  then  reads 
the  spirit  of  the  minimmn  thermometer, 
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TABLB  I. 
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The  results  in  Table  I.  are  shown  grapliically  in  Fig.  1.  It  is 
very  apparent  that  the  ditferences  (column  9)  between  the  minimuiu 
temperatures  (column  8),  as  recorded  by  Casella  No.  1,470  (reduced 
to  Standaxd  No.  714),  and  the  lowest  points  oq  the  tbermogramB 
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(column  1),  follow  closely  the  curve  of  corrections  (column  7) 
derived  from  simultaneous  readings  of  tlie  spirit  and  the  mercurial 
Standard  ;  Nvhile  the  sums  of  the  residuals,  irrespective  of  sign, 
given  in  column  9,  are  greater  than  those  in  column  3,  whereas 
they  should  be  smaller  if  the  corrections  in  column  7  are  real. 

J^'orcmber  IPOS 


1t94SS7a9/0  //  12  tS  M  IS  I*  /r  fB  (9  TO  21  tl       9^  Z5  3*  ?7  T$  29  JO 


Fw.  1. 


In  order  to  asoertein  the  reason  for  thie  undoubted  connection 
beirween  the  adopted  eorreotions  to  the  miniirnim  temperatures  as 
reeoxded  by  Ho.  1,470,  and  the  excess  of  the  minima  thus  correeted, 
oi?er  those  obtained  from  the  thermograms,  the  readings  of  the 
spirit  at  Oh.  (midnight)  and  12h.  (noon)  during  the  three  months 
January  to  March,  1904»  were  compared  with  the  corresponding 
readings  of  the  Kew  Standard  No.  714,  and  the  dififerenoes  tabulated 
for  steady  f:illiii<,'  :uk1  rising  temperatures  respectively.  The  results 
are  shown  in  Table  II.,  p.  422. 

SnioiABT. 

TniRRATDBB.  Ezcs88  ow  Btahdabd  No.  714  om  Mnmroif,  Ca8eu.a  No.  1,470. 

Steady   85  ob^^ersiitions  —  0-21° 

Bising   47  obt>ervation8  -f  0*10" 

Falling  ^   48  observationa  -  0-51* 

In  forming  the  above  tables  all  available  obseinrations  were 
utilised.  It  will  be  seen  that  the  correction  to  reduce  the  readings 
of  Na  1,470  to  the  Standard  No.  714  is— 

+  O'lO^  for  rising  temperatures, 
~  0*6P  for  falling  temperatures, 
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TABLB  n. 
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whieh  beoome  +  0*3P  and  —  0*80^  i8epeotivaly»  if  we  consider  fhe 
eorreotion  for  steady  temperatures  (—  0*21^*)  to  be  the  true  woddng 
eorreotion  of  No.  1,470. 

It  will  also  be  notioed  that  the  results  for  "steady  temperature  " 
axe  praotioally  Identieal  at  Oh.  and  ISQi.,  showing  that  there  is  no 
systematic  error,  dne  to  evaporation  and  condensation,  pcodnoed  by 
rising  and  falling  temperatores. 

The  abo?e  results  point  to  the  existence  of  a  considerable  amount 
of  "lag  "  in  No.  1,470,  and  are  corroborated  by  obsenrations  mads 
daring  the  rapidly  chaaging  temperatures  which  occur  in  heavy  rain 
showers,  the  results  of  which  are  given  below. 


TABLE  Hi. 
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111  the  ohsemitions  recorded  in  Talile  HI.  and  Fif^.  2  the  effect  of 
obanges  of  temperature  were  eliniiuated  by  reading  the  thermometer 
as  rapidly  as  possible  in  the  order  714,  1,470,  and  1,470,  714  alter- 
nately, and  taking  the  mean  of  the  observations  thus  ohtuiiied. 

As  the  velocity  of  the  wind  at  this  time  was  thirty-four  miles  per 
hour,  as  recorded  by  the  Dioes  anemometer,  the  thermometers  were 
thoroughly  ventilated. 

Experiments  were  then  made  with  the  object  of  determining  the 
relative  coefficients  of  sensitiveness  of  three  di£fereDt  types  of 
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Rapid  Fall  of  T.  inporature  in  a  Kain  Squall  on  July  10, 
1906,  as  recorded  bv  the  Meroarial  Standard  No.  714,  and 
tbA  Minhnnm  SpUi  Thimonttar  No.  1,470  iwpMtivvty. 

Fko.  S. 

minimum  spirit  thermometers — spherical,  cylindrical,  and  divided 
bulb  (see  Fig.  4) — as  compared  with  the  Eew  Standard  No.  714. 

A  deseriplioii  ol  the  thermometers  employed,  together  witk  % 
history  of  tiieir  errors,  will  be  found  on  pages  231,  288. 

A  bftth  of  water  was  prepared  at  a  temperature  of  8P  ±  (Fahr.), 
and  the  thermometers  completely  immersed  in  it  for  fLve  minatee : 
they  were  then  rapidly  removed  to  the  comparison  hath  at  a  tem- 
perature of  W±,  (Eahr.),  and  the  rate  of  decrease  of  tempeiatiiie 
ohserved  with  the  aid  of  a  chronometer,  cate  heing  taken  to  read 
each  thermometer  at  the  moment  of  immersion  in  the  low  tempera- 
ture bath.  The  results  of  the  experiments  are  given  below. 
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TABLB  IV. 
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u 
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'9 

I 

00 


i 


5- 

5 


i 


i  ^ 

•a  o  n® 
?*»  o  « 


5*»  o 

•i 
I 


a 


2 


O] 


f 

sees. 

0 

80-0  =  to 

5-6 

710 

180 

680 

180 

670 

250 

66-8 

0 

79  0-/o 

80 

740 

70 

700 

120 

680 

22-5 

67*0 

80-0 

66-9 

0 

66-8 


»« 
S 

9 

i 

i 

O 

o 
u 


0 

80-3-= 

2-0 

790 

7'0 

78-0 

100 

770 

16-6 

760 

24-8 

7BH» 

800 

720 

870 

710 

440 

70-0 

560 

690 

710 

680 

1010 

670 

1180 

66-8 

0 

800  = 

to 

6-5 

780 

10-8 

760 

160 

750 

190 

740 

280 

78-0 

280 

720 

850 

710 

440 

700 

660 

690 

740 

680 

800 

67-8 

900 

67-6 

960 

67'4 

112*0 

67-0 

0 

81-5  = 

to 

6-6 

780 

12-0 

76-9 

l'»0 

740 

300 

720 

380 

71-0 

470 

700 

61-5 

690 

870 

68-0 

66-7 


■ 


66*9 


66-5 


670 


9 

a 

& 


-oa« 

I  SIS 

ri 


seoB. 

0 

8l0  =  f„ 

40 

790 

110 

760 

180 

74-0 

230 

780 

290 

72-0 

860 

710 

460 

700 

660 

60*0 

820 

68-6 

1080 

680 

0 

79-5  = 

60 

77-0 

12-0 

W-O 

160 

740 

210 

730 

280 

720 

860 

710 

470 

700 

660 

690 

800 

68-5 

1020 

680 

0 

81-4  = 

to 

40 

790 

110 

770 

18-5 

750 

290 

730 

430 

710 

630 

700 

670 

690 

810 

68 -5 

960 

680 

0 

810  = 

to 

3-5 

790 

90 

770 

130 

760 

170 

76  0 

220 

740 

280 

730 

870 

720 

460 

71-0 

690 

TOO 

740 

690 

870 

68-6 

ll 

§1 

"a 


67-0 


670 


670 
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o 


o 


si 

'g  I 


o 

•c 


* 


o 


I  'I 


■ees. 
0 

3  0 
8-0 
11-0 
16  0 
22  0 
28-0 
35-0 
44-0 
56-0 
66-0 
94-0 


0 

6-4 

19-  8 

20-  5 
46  0 

ei-0 


0 

3  0 
7-0 
13  0 
20  0 
25  0 
31  0 
89-0 
60  0 
67-0 
74-0 
89-0 


I 

o 


80  •5  =  ^0 
79  0 
77  0 
76-0 
75  0 
74  0 
TS'O 
72  0 
71-0 
70*0 
69  0 
68  0 


0 

820=tB 

4-0 

80<» 

11  0 

77  0 

17  0 

76-0 

22  0 

74-0 

26  0 

73  0 

30  0 

72  0 

37  0 

71-0 

47  0 

70-0 

61  0 

69  0 

78  0 

68-5 

90-0 

08*0 

81  0  =  ^, 
80  0 
78-0 
76  0 
74  0 
73  0 
72-0 
71-0 
70-0 
69*0 
68-5 
68*0 


o 
67^ 


u 

a 

o 


I 


67-S 


80-0  =  to 
76-0 
71-0 
68  0 
66-6 


67-6 


65-5 


I 

H 


to 


o 


<2 


i  ^ 

>  O  J.  9 

h>  o  «  9 

c  o  c  S 
"l^S  s 


S 


I 

1 


o 
55 
so 


8 


0 

80-0=  to 

8-0 

77-0 

7-6 

72  0 

16  0 

69  0 

22-0 

68  0 

87  0 

67-0 

51-0 

66*5 

it 
II 


1 

MCS. 

0 

80%rrf. 

3  0 

78-0 

7-0 

75  0 

12-6 

72  U 

19-0 

70  0 

23  0 

69-0 

29-0 

68-0 

ao-o 

VI'O 

0 

80-0= 

6-8 

75  0 

12-5 

72  0 

18-8 

70  0 

23-0 

69  0 

29-6 

68-0 

43-0 

67-0 

69-0 

6«*ff 

66-8 


0 

80-0  =  to 

3-0 

77  0 

7  5 

72  0 

11-5 

70  0 

180 

68-5 

21  0 

68  0 

30  0 

67-5 

37-0 

67  0 

52  0 

66-8 

0 

79  0  =  to 

2-5 

77  0 

10-6 

70-0 

15  0 

69  0 

22  0 

68  0 

31  0 

67-5 

48  0 

670 

66-0 
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The  coefficient  of  sensitiyenesB  vnM  then  oompaled  on  the 
Msnmption  that  the  relation  between  the  constant  temperature  r 
of  the  oomparison  bath,  the  reading  t  of  the  thermometer  at  any 
time  9t  and  the  ooeffioient  of  sensitiyeneBS  X  is  reipresented  by  the 


the  solution  of  whioh  gives — 

(*-r)  =  (*,-r)r-*«, 

where    is  the  valoe  of  t  when  0  »  0. 

Ontves  were  drswn  from  the  d«ta  contained  in  Table  IV.»  and 
values  of  t  read  off  at  intervals  0  bs  e„  9. . . .  the  unit  interval 
bemg  6  seoonds.  Bnhstitating  the  vahies  of  t  and  9  thus  found  in 
the  eipression  given  above*  and  taking  1^  and  r  from  Table  IV.,  we 
obtain  the  following  solutions  for  X  for  the  several  thermometers. 


Ther- 


Mo.  714. 


Mo.  1,474ft. 


lat  and  Snd  oomWiMd 


Iflt  and  9nd  oombinad 


r 

79°50 
M'79 

80°17 
66-0O 

9 

MOS. 
• 

IS 

1  T 

1  • 

BAGS. 

99 

t 
X 

7d?80 
'191 

* 

i  68-00 
*194 

•191 

* 

77°86 
i  DSl 

• 

•OBI 

68°30 
•081 

67°10 
•098 

MmuiX 

0-199 

0*091 

Ther-  | 
momflter  ^ 

No.  49,685. 

lat 

9nd 

Sxd 

«• 

r 

0 

81-8 
97*0 

o 
91-0 
97*0 

o 
79-5 
97*0 

9 

sees. 
6 

1  ; 
sees.  sees,  stics. 

24  1  42  1  80 

sees. 
6 

MOS. 

84 

42 

sees. 
60 

sees. 

•  1 

«ec8. 

u 

sees.  sees. 
42  i  60 
1 

t 

X 

o 

78-3 
■042 

78-0  70-6,  69-1 
-Wl  •084{-09S 

o 

77-9 
•048 

0 

72-8 
•087 



0 

70-4 

•034 

69-2 
■031 

o 

77  0 
■087 

0 

72-6 
•034 

0    1  o 
70*4 1 99*9 
•091  j  "099 

MMnX 

0*089 

0*099 

0'098 

*  Chrae't   MotM  on  Tlunnometcy,"  Phil,  liag., 
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Ther- 
monuteF 

No.  41,178. 

Series 

2nd 

3rd 

r 

0 

81  4 
67-0 

o 
810 
670 

80-5 
67-4 

0 

sees. 
6 

o 
7H-3 
■040 

sees. 
24 

sees 
4-2 

GO 

sees. 
78 

sees. 
6 

0 

78-0 
0-40 

sees. 
24 

1 

sec?  sees. 

42  60 

1 

sees 
78 

sees. 
6 

24 

\ 

^'Ts.  sees.  s«eg. 
42    60  1  78 

t 
X 

739 
•081 

71-1 
•080 

0 

694 
•080 

0 

6H  5 
-029 

0 

73  0 
•081 

0     1  0 

7 11  fi9^9 
•0281  026 

0-080 

o 
68-8 
•026 

776 
042 

o 

736 
031 

O    '    0    '  o 

71-2  C9  7  fo9 

o-oaa 

Thannometor 

No.  89.888. 

Series 

111 

tod 

T 

o 

m 

67-S 

e 

81-0 
67« 

B 

sees. 

sees. 
24 

SOCSa 

42 

aeoB. 

sees. 

sees. 

* 

secfl.  '  sees. 

sees.  sees. 
60  78 

t 
X 

0 

78-9 
•087 

o 
78-8 
•087 

0 

70  •.'5 
•086 

•033 

•032 

o 

7S-4 
•036 

0 

73-2 
-036 

70-9 
•033 

O  0 

69-3  68-4 
-084  -036 

MeuiX 

0-086 

O^OSft 

Ther- 
noimoter 

No.ii0,m. 

Series 

Isl 

tod 

■ 

1 

3rd 

to 

r 

* 

0 

80O 
66*5 

1 

1 
1 

805 
666 

1 
1 
1 

• 

800 
668 

0 

sees. 

sees. 
12 

18 

sees. 
24 

sees. 
80 

sees. 
6 

eeos. 
12 

sees. 
18 

sees. 
24 

sees. 
30 

sees. 
6 

sees.'  secsJ  sees. 
12    18  ,  24 

 1  

0   1    o   1  o 
72  1  70-2  68  8 

072  ,  070  j  071 

( 

X 

0 

745 
079 

o 

71-2 

695 

G8-4 
•067 

0 

07-7 
063 

o 

75-5 
074 

o 

728 
•073 

o 
70-2 
•074 

0 

6H7 
•077 

0 

67-9 
•077 

7 

75-5 
066 

0 

67^ 
078 

MeanX 

0072 

1 
1 
1 

0D76 

1 

_  1 

0070 
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Tlmmoniattr 

No.  vnM^ 

lit  tnd  Sod  iwwMffrf 

8id 

T 

800 
66*4 

o 
79*0 

ee-o 

9 

seof. 
0 

18 

laes. 
6 

sees. 
IS 

1  "l? ' 

MM. 

1 
X 

o 

78  1 
•118 

69-9 
•118 

o 

68-5 
•104 

0 

67-8 

o 

73-2 
•098 

69-6 
•107 

68-5 
•098 

0 

67-9 
•080 

UmuiX 

0-084 

TABLE 

SUMICABT. 


Maker  and  Numl)6ro( 
Th«riuometer. 

MmaK 

Kew714 

0-192 

Hicks  175.616 

0-101 

»»  tt 

Caaella  116.611 

0073 

**  t* 

Dftrton  45.585 

0-085 

t»  tt 

Casella  89. S3:^ 

0035 

*t  It 

Megretii  and  Zambia  11.178 

0081 

»t  «t 

OMella  1,470 

0^081 

TABLE  VI. 

Batid  of  ctb  Oobffiozhmt  of  No.  714  to  that  of  baoh  Typb  of 
MzNOCUM  Thbbmohbtbb  bhflotbd. 


Mo.  714. 

No.n4. 

MO.T14. 

No.n4. 
TypeUI. 

0-193 

6*83 

8-87 

1*90 
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The  values  of  X  found  abore  aze  not  necessarily  the  actual  woiUng 
ooefficients  of  these  thermometers,  the  conditkniB  under  which  Hmj 
were  determined  differing  entirely  from  those  to  wbioh  they  tn 
exposed  in  meteoiologioal  inyeetigations ;  bat  they  serve  the  purpose 
of  this  discussUai  in  giying  approximately  oompewtive  vabiee  for  the 
dififerent  thermometeie  employed. 

It  would  appear,  moreover,  from  the  persistent  decrease  in  the 
computed  value  of  X,  that  for  some  thermometers  at  least,  with  the 
value  of  {t  —  t)  employed,  the  relation  between  I,  r,  A,  is  not  oorveotly 
given  by  the  equation — 

^+X(«-r)-0; 

but  at  the  same  time  it  should  be  remembered  thai  the  geuerally 
large  value  of  X  found  for  the  interval  d  —  6  sees.,  depends  on  a 
portion  of  the  curve  where  t  is  decreasing  rapidly,  and  where,  in 
consequence,  an  error  of  a  few  tenths  of  a  second  in  0  will  give  laige 
errors  of  t. 

Curves,  derived  from  the  data  given  in  Table  IV.,  indicating  the 
degree  of  sluggishness  of  the  several  types  of  thermometers 
employed  are  given  in  Fig.  3. 


1             ■  1 
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In  the  following  tables  will  be  found  the  details  of  the  constmotian 
of  each  thermometer,  together  with  the  errors  as  determined  at  Eew 
and  at  the  Boyal  Alfred  Observatory,  Manritios. 
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Typtl.  ObiUm  Jtff470  fSpkerkmiJMk) 


Type  III  Jiicks  Tf'  175616  (Jlollow  Cy/mdnealJSult.) 


Plan  V 


r 


Fia.  4. 


COBBBOnONB  TO  THB  ThEBMOMETBBS  BMPLOTKD,  DSBTVXD  FBOM 
CJOMPABISOKB  (IK  WaTBB)  WITH  TBB  EbW  StAMDABD  No.  701. 


Theniioiiiettr  No.  714.  Ciorrection. 

1894  at  Kew    0  0'^ 

1895  at  .Mauritius   -0-02 

1898  „    -0-04 

1901  ,   -0-09 

1904    -0-11 

Thennonieter  No.  1,470.  Correction. 

1859  at  Kow    0  (P 

1879  at  Mauiitiuji    +0-1 

1889         „    00 

1899  „    0-0 

1906        „    00 

TherniouieU»r  No.  45,53.).  Correction. 

1894  at  Kew    0*0° 

190G  at  Mauritius    -0-7 

Thennoiiitnt  r  No.  41,17B.  Correction. 
1878  al  i\e\v    O'O^ 

1902  at  ^Mauritius    +0  3 

Thennometer  No.  115,511.  Correction. 

1899  at  Kew    0-0° 

190U  at  Mauritius    +01 

1901  „    +10 

1902  „    +0-7 
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ThMtmometor  No.  89,868.  Cometton. 

1898atEew    +0P 

1895  at  ManritiiiB    +0-8 

1897        „    -01 

1899       „    00 

1902       „    -0-2 

IlMniMniMtar  No.  178,618.  Oometton. 

1884  at  Kew    0<P 

1888  at  Manritiiw    +0^ 

1892       „    +0-6 

1806       „    +1-4 

1902        „    +4-0 


The  ooneetbns  to  the  minimiini  temperatnres,  reoorded  by 
Na  1,470,  lor  tho  three  months — ^1904^  January  to  March— already 
dealt  with,  as  determined  irom  eomparieong  with  the  lowest  points 
on  the  thermograms,  are  given  in  the  following  table — 

(1)  Whcu  the  minimum  occurred  at  the  apex  of  a  sharp  wave. 

(2)  When  either  th(!  approach  to,  or  recovery  from,  tho  'lowest 
point  was  gradual  aud  tho  minimum  lasted  from  live  to  tea 
minutes : — 


19(M. 

1  F«teaMjr. 

1 

OOBMMTIDK  «o  CBI  MDnmni  Tehperaturr  rboobdbd  bt  Mow  1,4T0  WBBX  r 

OCOUBBKJ>  AT— 


The  Ap«x 
of  »8barp 

A  Period  of  1 
Steady  , 
T«apMr»lun.| 

W«T«. 

APwtiodof 
Steady 
T^mp—wiie. 

YlieAi.ex 
of  aShurp 
W«Te. 

A  Period  of 

8le«dv 
TempenMnre. 

d. 

o 

d. 

1 

0  ; 

d. 

o 

d. 

o 

d. 

o 

d. 

0 

9 

-0-2 

4 

-fO-8  1 

2 

-8-0 

1 

-0  -8  , 

1 

-0-5 

2 

+01 

8 

-2-2 

5 

-0-2 

4 

-0-6 

3 

-0-6 

4 

-0-3 

3 

-0-5 

10 

-0-2 

6 

00 

5 

-0-6 

6 

-0-4  ' 

6 

-0-5 

5 

-0-6 

11 

-0-4 

7 

+0-2  1 

7 

-1-6 

10 

-01 

8 

-01 

7 

-0-4 

19 

-0-6 

8 

0-0  1 

8 

0  0 

12 

-0-4 

11 

-0-9 

9 

-0-3 

24 

-0-3 

9 

-01  i 

9 

-1-3 

16 

-0-3 

12 

-0-6 

10 

-0-6 

25 

-1-4 

12 

-fO-2 

11 

-0-3 

17 

-0-2 

18 

-0-2 

18 

-0-3 

37 

-0-8 

18 

-01 

15 

-0-8 

19 

-0-7 

21 

-0-8 

14 

-0-4 

14 

-01 

21 

-0-7 

30 

-0-6 

18 

-0-6 

15 

+01 

22 

-0-6 

24 

-01 

16 

-0-2 

16 

-0-8 

28 

-0-8 

26 

-0-4 

17 

-0-8 

17 

>d-8 

87 

-1-8 

98 

+0-4 

28 

-0-6 

18 

-0-4 

39 

-0*0 

24 

-0-4 

20 

-0-6 

26 

-0-6 

91 

-0-6 

80 

+0-1 

22 

0*0 

1 

81 

-0-1 

28 

-01 

88 

+0*8 

■ 

28 

+01 

80 

+0-6 

t 

81 

-0-8 

8d. 

-0-78 

814. 

.0.08 

13d. 

-0*94 

ISd. 

-0*81 

1 

81 

-0*48 

161 

-0*88 
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OOMdCTION  TO  THK  MINIMUM  TSMPBRATriiE  I 
BY  No.  1,470  WHKN  IT  OCCOHBEO  AT— 


IflOA. 


A  Period  of  ntrntf 
Tempenton. 


TlM  Ap«i  of  a  Shaip  Wttvs. 


Maan 

Corr«otion. 


Mudmnm 
Correetion. 


Mean 

Correction. 


Mudmoin 
Correction. 


0 


o 


o 


January . 
FebnuuT 
Munh  . 


-0-76 
-0-94 
-0-48 


-0-81 
-0-85 


-0-6 
-0-7 


The  mma  oarrection  to  No.  1,470  by  this  method  is  -0*22^,  which  eontalti 
for  indu  mm  ot  standard  beoomfla  -0*32<'  («/.  pp.  488  and  ittfra). 

The  results  given  in  the  above  taUo  ue  in  entire  agreement  with 
those  abready  obtained,  and  eall  for  no  further  remark  beyond 
pointing  out  the  very  serioas  nature  of  these  errors,  which  all 
tend  in  the  same  direction,  i^,,  to  give  an  ervoneons  minimnm 
considerably  higher  than  the  true  one. 

The  present  investigation  leads  ns  to  the  following  oonolnsions  * : — 

1.  Ifinimtmi  spirit  thermometers  (even  the  so-called  '^srasitive'^ 
should  never  be  nsed  as  ordinary  thermometers. 

2.  The  corrections  to  the  minimnm  temperature  ohtsined  from  com- 
parisons between  the  readings  of  the  spirit  and  the  readings  of  a 
meroorial  standard,  unless  made  at  an  epoch  ol  steady  temperakUB, 
are  unreliable,  and  may,  in  extreme  cases,  be  in  error  to  the  extent 
of  2°  or  more. 

5.  The  corrections  obtained  at  steady  temperatures  from  com- 
parisons  made  as  described  above,  compare  favourably  with  tbose 
obtained  from  comparisons  with  the  lowest  points  on  the  Thermo- 
grams ;  but  do  not,  apparently,  agree  with  those  obtained  in  the  usual 

way  from  comparisons  in  water  (cf.  pp.  423,  432  et  supra). 

4.  The  absolute  minima  obtained  with  spherical  bulb  ther- 
mometers are  frequently  in  error  on  account  of  sluggishness,  the 
errors  in  extreme  cases  amounting  to  as  much  as  +3^. 

6.  The  mean  of  the  absolute  minima  obtained  with  spherical  bulb 
thermometers  is  invariably  too  high,  as  all  errors  due  to  sluggish- 
ness tend  in  the  same  direction. 

*  This  is  only  Intended  to  apply  to  the  types  of  thermometers  employid  in  fldi 
dlienssion  ;  it  is  quite  possible  thuf,  at  nthor  stations,  miniminn  thertnometen  of 
gnater  sensitivenefls  are  in  u&e.  It  siiouid,  however,  be  remarked  that  three 
spherioBl  bnlb  thannonuton  inadt  bj  diffamt  makm  in  flw  jears  1859,  1878, 
and  1894  respeotiTeUr  giw  praekioally  tlMiime  wdoe  of  X. 
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Spirii  Thermomiien*  4S6 


6.  The  absolute  minima  obteined  with  cylindrical,  hollow- 
cylindrical,  or  bifamled  bulbs  aie  probftbly  but  slightly  afif^ected 
by  "lagf"  as  the  approach  to  or  recovery  from  the  lowest  point 
is  generally  slow  enough  to  ftllow  them  to  take  ap  the  correct 

temperature. 

Assuming  that  the  thermometers  employed  are  fair  representatives 
of  their  respective  types,  it  seems  evident  that  no  spirit  thermo- 
meter with  a  sphehoal  bulb  should  be  allowed  ia  the  equipment  of 
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Fie*  5. 

a  meteorological  observatory.  Ilollow-cyhndrical  bulbs  reduce  the 
errors  due  to  sluggishness  by  about  |. 

In  connection  with  the  form  and  dimensions  of  the  bulb  it  is 
interesting  to  note  that  the  computed  values  of  X  appear  to  bear 
a  simple  relation  to  the  radii  of  the  bulbs,  irrespective  of  their  form. 

The  radii  for  the  several  types  of  thermometers,  taken  from 

Table  VII.,  are- 
Spherical  bulb    8  millimetres. 

Cylindrical    3-8         „       (radius  of  base). 

Hollow-cylindrical  bulb,  1-85       „      |  (external  radius-internal 
radius). 
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U  we  plol  these  ▼aluas  ae  oidiiUKtes,  with  the  oone^ondingvmliiet 
of  X  as  abaeisse,  we  obtain  a  onrve  of  the  lonn  giyen  below,  idueh 
may  be  represented  by  the  formula : — 

X  s  a  +  ^  4-  c^* 

where  p  is  the  radios  of  the  bolb  and  a,  b,  e  oonstants  fto  be 

determined. 

Subetitutiog  the  values  of  X  and  f»,  obtained  from  Table  VII.»  we 
have — 

•033  =  a  +  ^»  8  0  +c  64  00 
•072  =  a  +  6  3-8  +  c  14-44 
•101  «a  +  il'854-o  34225 

the  soiutioQ  of  which  gives — 

X  =  135  -  020^  +  •0009V. 
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NOTE  ON  THE  CONNECTION  BETWEEN  THE  BAIN- 
FALL  AT  DURBAN  AND  MAURITIUS. 

By  T.  F.  Olaxton,  F.R.A.S., 

Director,  Royal  Alfred  Obtervatory,  Mauritiut, 

(Bead  Oetober  31, 1906.) 

The  ptesent  notioe  oonlaine  ihe  first  lesolts  of  an  inquiry  into 
the  possibility  of  seasonal  weather  foreoasts  for  Mauritins. 
Maaritius  weather  being  oontrolled  to  a  mnoh  greater  extent 

in  winter  than  in  summer  by  the  numl)(M-  aiul  intensity  of  the  anti- 
cyclones, with  their  attendant  V-shaped  depressions,  which  pees 
to  the  south  of  Maaritius  from  the  Cape  towards  Australia,  it  was 
thought  that  an  examination  of  the  weather  conditions  to  the 
south-west  of  Mauritius  in  the  winter  months  might  give  some 
idea  of  the  subsequent  weather  at  Mauritius.  Monthly  departures 
from  average  of  the  various  meteorological  elements  at  Durban 
were  compared  with  tliose  at  Afanritiiis  ;  the  latter  were  also  com- 
pared with  the  iiioiiilily  (lepattui-os  from  average  of  the  ])ressure 
gradient  between  Durban  and  Mauritius  *;  bub  there  appeared  to  be 
no  connection  between  them. 

The  next  step  was  to  examine  the  weather  conditions  at  Durban 
antecedent  to  winter  droughts  in  Mauritius,  and  still  there  appeared 
to  be  no  connection  ;  but  on  reversing  the  argument,  examining  the 
weather  conditions  at  Mauritius  following  droughts  at  Durban,  a 
connection  at  once  became  apparent. 

In  the  following  table  are  given  particulars  of  the  droughts  which 
have  occurred  at  Durban  .since  1873 — the  year  in  which  ohservations 
were  commenced — and  of  the  corresponding  droughts  in  Mauritius. 

The  information  for  Durban  has  been  extracted  from  the  annual 
reports  of  the  Government  Astronomer,  and  is  based  upon  rainfall 

•  The  abnormality  rurve  of  pres.'^ure  gradient  follows  very  fllosdy  the  nlinommlity 
curve  of  pressure  at  Durban,  the  departoreB  from  average  bdngao  much  laiger  a4 
DurUiu  than  at  Mauriiius. 
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1873  April  to  Julj 

1874Jal7toOotoiwr 

ISreFafaniMytoliiij 

1876 OetolMr  to  1878 April 


1878  Jnty  to  Deeanber 
1880  Jqim  to  ScptambiT 


1881  FeViniary  to  .Tiilv 
1881  December  to  1882 

March 
1888  Jane  to  Septombsr 


1884  July  to 


18,87,88 

50,  58,  68,  67,  86.  8, 
44,  267,  68,  78, 88, 
70 

1886AQgaittoOotolMr  86,98,18 
1888  JoMtolSOOJainiMy  '  32.  20,  91,  88, 88, 46, 

26,44 


1886  February  to  1886 
JMUiuy 


83,  42,  0,  69 
86,  70, 66,  45 
88,60,168,91 


41,  72,  41,  92,  56,  46, 
93,  3,  77,  85.  43, 
73,  68,  62,  52,  48, 
86,66,86 


18,16,6,89,00,66 
Te,  0,60, 81 


66,  45,  33,  20,  59,  60 
63,  73.  39.  64 

U,  4,  810,  84 


1880  May  to  S^ttombor 

1892  March  to  July 

IftOt  Jannarv  to  March 
1094  June  to  August 

1895  May  to  1896  June 

1807  AyrU  to  September 

1808  JniM  to  September 


1800  Mtauj  to  1000 
Ifaj 

1002  December  to  1O08 

Mnrrli 
1903  July  to  October 


1804  Angmt  toNorember 


90, 49, 11,  46, 98 

27,  28,  73,  0,  49 

39,  79,  44 
82,  87. 27 


74.  11,  86.  40,  42,  60, 

44,  232,  68.  83,  86, 
168, 67. 16,  68 

84,17,686,9,  66,190 


66,98,160,61 


29,  88,  45,  91.  24,  56, 
17,  43.  144.  46,  75, 
89.  56,  43,  47,  22 
89,  06, 69,  86 

2U,         16,  27 


18,16,68,88 


Daily  values  not  avHilable: 
?  oMiee  d  eatoeei  in  April. 

Thekogest  drought  on  recori. 
The  neareei  eppneeh  to 
normal  rafaiM]  oeemwl  in 
1877  .Tanuary,  92  per  cent., 

1877  April,  98 per  oent.,  and 

1878  Febraary,  96  per  oni 

Prnrtirally  a  continoattOB  €( 
previous  drongfat. 


Included  as  a  drought  pro- 
vigionally ;  daily  obaer\-a- 
lions  may  show  that  the 
heavy  rain  in  August  fell  on 
one  or  two  daya  oily. 


Total  rainfall  in  Anprnst  and 
October  nearly  normal,  ow- 
ing to  somewhat  heavy  rain 
on  August  17Ui,  OOtti,  aai 
October  23rd. 

Ifoal  eevon  trintor  diQQi^  OB 


The  whole  of  the  June  rainfall 
occurred  from  tiw  96Ml  to 

the  28th. 

Severe  prolonged  dronght  bro- 
ken hv  verv  heavy  rain  on 
December  i2(h  to  *14th  and 
April  7th. 

Hevtre  (Iroiipht  broken  hy  heavy 
rain  on  June 8th  to  10th  and 
September  10th  to  ll«h. 

60pfTC(  nt.  of  the  Anpti<?t  min- 
iall  occurred  on  the  5th  and 
6th;  TO  per  cent,  of  the  SefN 
tember  rainfall  oceuiwd  m 
the  80th. 

Severe  prolonged  dRNH^  bn>> 
ken  bv  verv  hewffj  ntal  40 
October  22nd. 


Severe   drought  broken 
heavy  rain  on  August  27th. 
PraoticaUy  a  omitinnatkm 
of  previooa  drooght. 
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MArnmrB. 

Lateriri 

Monthly  peroentaoe 
of  Normal  Bainfafl. 

commenee- 
raentat 
Natal  and 

iLf  «viv<4lHa 

(MoaMtfl, 

1878  November  to  1874 

57,  89.  78, 50 

7 

1875  January  to  April 

1876  Mwoh  to  September 

1877  Deoember  to  1878 
MMeh 

58,  83,  38,  92 
68,  59,  81, 88, 85, 71, 
89 

96,78,66,76 

Followed  by  a  fnriher  drought 

in  November,  57  per  cent., 
and  Deoember,  76  per  cent. 

6 

? 

? 

1878   OotolMr  to  1879 

Fefanuury 
1899  Oetober  to  1881 

ICandk 

1881  August  to  October 

1882  April  to  June 

96, 66,  UO,  64, 89 

6 

88,  28,  110,  59.  123, 
42,  39,  58.  143.  l>8. 
77.  60,  50,  42,  82, 
71,  42,  32 

58,  78,  67 

51,  40,  97 

Longeel  end  moel  severe 
drought  on  leeocd. 

f 

6 
4 

1884  January  to  March 
1884  June  to  September 

88, 65.  84 
76,  99,  83.  66 

Practically  a  continuation  of 

7 

1884  Deoember  to  1886 

a       ■  1 

Apnl 

1885  November  to  1886 
Deoember 

19,64,49,66,70 

67.  M2,  42,  58,  40,  86, 
62,  61,  96,  88,  44, 
104,06,46 

Veryserereprolonged  drought 
broken  by  noHBM  H^HB  in 
1886  October. 

w 

9 

9 

1889  Sq^tembw  to  1890 
J«iiiiai7 

68. 76, 69, 110, 61 

6 

1890  Deoember  to  1891 

February 

1893  February  to  March 
1898  Aogcnk  to  Deoember 

1894  Februiu  v  to  April 
1894    October   to  1895 

Hrasry 

• 

69,  69,  68 

53,  62 
(S^f      80|  99 
95,  44,  93 
46,  91, 125,  40,  84 

7 

? 
f 
t 
4 

1896  June  to  1897  May 

73.  79.  69,  67,  67,  69, 
39.  100, 79,  86,  80, 
81 

Very  severe  prolonged 

? 

1897  October  tol898  9bb- 

1898  October   to  1899 
January 

99,77,116,87,66 
41,  48, 60, 41 

Moderate  drought  brofcoi  bj 
rains  slightly  above  nomutt 
in  Deoember. 

6 
4 

laW^Kwemheg  to  1900 

72,  25,  53,  80,  95,  22, 
93,  43,  102,  50,  86, 
76,  88,  88 

Very  severe  proloilged  dfooght 
broken  bj  nomiel  nfaui  in 
July. 

? 

1903  May  to  1904  Feb- 
nmrj 

28.  91, 36, 68, 101. 69, 
49, 60, 46, 66 

The  summer  drought  may  be 
eonddered  to  have  oook* 
meneed  in  Oetober. 

5 

1994  Angoal  to  December 

49,72,78.60,69 

t 

I 
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observations  made  at  the  Durban  Botanical  Gardens  from 
1873-1883  and  at  the  Government  Observatory  from  1884-1904. 
It  has  not  been  possilile  to  form  tables  of  niunthly  departures  from 
average  rainfall  for  the  whole  of  Natal.  Such  tables  are,  however, 
very  desirable,  as  the  rainfall  at  Durban,  particularly  in  the  winter 
months,  is  erratic.  Frequently  a  very  dry  month  will  show  a 
runfall  much  in  excess  of  normal  owing  to  floods  oo  one  or  two  days. 

The  information  for  Mauritius  is  based  upon  ibe  xetaans  from 
ton  repreeentaliiye  stations  In  different  parte  of  (he  island,  and  may  be 
considered  as  an  aoomato  nmnerioal  stotoment  ol  ihe  droughts 
whieh  have  ooonrred. 

From  the  preoeding  taUe  it  will  be  seen  that  winter  dvon^ts  at 
Ihurban  have  inTariably  been  followed  by  sommer  droni^ts  in 
Manntins  at  intervals  of  from  three  to  seven  months,  and  that 
prolonged  dron^ts  at  Natal,  or  those  oommeneing  in  the  summer, 
may  be  either  aooompanied  or  followed  by  prdooged  drooghts 
in  Manritins. 

With  a  view  to  aeeertsining  wbether  the  interval  is  dependent 
upon  the  date  of  oommenoement,  duration,  or  intensity  at  Durban 
the  droughts  have  been  grouped  in  the  following  table  aoooiding  to 
tiie  interval  between  the  oommenoement  of  the  drought  at  Durban 
and  in  Mauritius. 

There  is  some  evidence  to  show  that  the  interval  depends  upon 
the  time  of  commencement  of  the  drought  at  Durban,  the  former 
varying  inversely  with  the  latter,  in  the  mean ;  but  the  interval, 
duration,  and  intensity  of  the  Mauritius  droughts  appear  to  be 
independent  of  the  duration  or  intensity  o£  the  Natal  droughts, 
at  least  so  far  as  winter  droughts  are  concerned. 

There  is  this  connection,  however,  that  whereas  winter  droughts 
at  Durban  are  followed  by  summer  droughts  in  Mauritius,  prolonged 
droughts  at  Durban  lasting  over  summer  and  winter,  or  longer,  are 
either  accompanied,  or  followed,  by  prolonged  droughts  in  Mauritius. 

The  first  prolonged  drougiit  at  Durban,  which  commenced  in 
February,  1876,  and  lasted  practically  up  to  December,  1878,  was 
accompanied  by  a  prolon^^ed  drought  in  Mauritius  from  March, 
1876,  to  December,  and  followed  by  a  second  very  severe  drought  in 
Mauritius  from  October,  1879,  to  March,  1881. 

The  second  prolonged  drought  at  Durban,  from  February,  1885,  to 
January,  188(j,  was  accompanied  and  followed  by  a  prolonged 
drought  in  Mauritius  from  November,  1885,  to  December,  1886. 

The  third  prolonged  drought  at  Durl)aii,  from  May,  1895,  to  June, 
1896,  was  followed  by  a  prolonged  drought  in  Mauritius  from  June, 
1896,  to  May,  1897. 
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The  fourth  prolonged  drought  at  Durban,  from  Febniar}-,  1899,  to 
May,  1900,  was  accompanied  and  followed  by  a  prolonged  diooghl 
in  Mauritius  from  November,  1899,  to  Dccoinbcr,  1900. 

As  a  large  proportion  of  the  summer  rainfall  at  Mauritius  is 
usually  of  cyclonic  origin,  the  above  results  suggested  that  the 
summers  following  winter  droughts  at  Durban  would  be  characterised 
by  the  absence  of  cyclones  in  the  neighbourhood  of  Mauritius, 
though  it  would  be  diftlcult  to  give  a  satisfactory  explanation  of  such 
a  connection.  Upon  examining  the  Mauritius  records,  however,  it 
was  found  that  the  mean  number  of  cyclones  within  the  20'  square 
of  which  Mauritius  is  the  centre  was  3-3  in  the  summers  following 
winter  droughts  at  Durban,  while  the  mean  for  all  summers 
since  1873  was  3  8.  As  the  numbers  of  which  3-3  is  the  mean 
vaiied  between  0  and  6,  the  small  difference  (3-8-3*3)  does  not 
appear  to  have  any  real  significance,  and  may  possibly  have  changed 
sign  had  a  larger  or  smaller  area  been  considered,  or  a  diffiBranl 
niimber  of  years  used.  It  appears,  thoralare,  that  winter  droughts 
at  Dazban  aie  not  neooBBarily  followed  by  an  abeenoe  of  oydonet  in 
the  neighbourhood  of  Mauritius,  and  henoe  tiiat  their  efSBot  on  Ae 
non-cyclonic  rain  of  the  following  summer  in  Mtaritnu  is  even 
greater  than  indicated  by  the  figures  given  in  this  paper,  and  that 
after  such  droughts  Mauritius  is  dependent  on  oydoDes  to  a  grsatsr 
extent  than  usual  for  the  following  summer  rainfiilL 

It  remains  to  be  seen  whether  further  observations  from  statioos 
slong  the  east  coast  of  South  Africa  will  bring  to  lif^t  a  still  closer 
connection  between  the  rain&ll  oyer  this  region  and  in  Mauiitnis. 
Though  no  daim  is  made  that  an  accurate  monthly  foceoast  of 
summer  droughts  in  Mauritius  can  be  made  from  a  study  of  the 
rainfall  along  the  east  coast  of  South  Africa  daring  the  preceding 
winter,  yet  it  appears  from  the  figures  given  above  that  one,  if  not 
the  principal  determining  factor  has  been  discovered.  As  otiier 
factors  are  discovered  and  the  broader  effects  of  solar  infiuenoss 
become  better  understood,  it  is  to  be  hoped  that  seasonal  foceoasts 
of  a  fair  degree  of  accuracy  will  be  possiUe. 
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THE  CHEMICAL  COMPOSITION  OF  BERBY  WAX. 
Bt  B.  nm  Bf,  J,  Ym  umtk  Bin,  M.A.,  Ph.D. 

(Bead  October  31, 1906.) 

Berry  ms.  foaoB  %  xooc^  ooafting  on  the  rai&oe  of  the  berriee  of 
Mffriea  eordifoUa,  %  oommon  plani  on  ihe  sea-ooast  at  the  Oape. 
The  benies  are  eolleoted  at  the  beginnhig  of  wmter  end  boiled 
wtth  water,  when  the  melted  wax  rifles  to  the  soi&oe  and  solidifies 
on  ooolbg.  Some  tone  in  weight  are  prodnoed  annually  and  find  a 
ready  sale  in  Sooth  Africa,  being  used  for  waxing  floors. 

By  wanning  the  erode  pcodoot  a  little  above  100^  0.,  some  sfceam 
hissee  off,  and  by  filtering,  using  a  hot-water  fancel,  mechanioal 
imparities  such  as  dnst  and  leaves  are  separated.  The  snbstanoe 
thus  parified  has  still  a  greenish-yellow  tint,  no  doubt  due  to  ohloro- 
phyll,  and  gives  off  a  faint  bat  characteristic  herb-like  odour. 

Berry  wax  is  in  reality  a  vegetable  lat  aiul  not  a  true  wax. 
Iiewkowitsch describes  the  "myrtle  vrax"  obtained  from  variooB 
qseoies  of  Myrica,  mentioning  the  speoiee  eordifoUa  among  others, 
and  implies  that  they  all  yield  the  same  snbstanoe  which,  he  states, 
"  consists  of  the  glycerides  of  stearic,  palmitic,  and  myristic  acids, 
and  a  small  quantity  of  oleic  acid."  Excepting  in  regard  to  the 
presence  of  oleic  acid,  this  statement  holds  good  for  b€rr\'  wax. 

I  have  determined  certain  physical  and  chemical  constants  of 
berry  wax,  and  find  that  my  numbers  agree  fairly  well  with  those 
quoted  by  Lewkowitsoh  for  myrtle  wax,  as  the  following  table 
shows : — 


*  Dr.  J.  LmrkowitMh,  •«01wmioal  Analysis  of  Oils,  Fats,  Waxes,  1898, 

p.  642. 

t  Dr.  J.  Lewkowitsch,  "  Chem.  Anal  of  Oils,  Ac,,"  p.  643. 
I  Oaiaalatad  from  bromino  Talne,  6*S4. 


Sp.  gr.  at  15»  C. 

Solidifying  point. 

>r<  lting  point  ... 


1-007 

88MO>0. 
41*^0, 

S14-6 

m 


I   ( -995  (Allen) 
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The  only  importanl  point  of  diffiarenoe  to  bo  noted  In  the  abote 
table  is  in  legaxd  to  the  iodine  ynlw,  whidh  by  HWs  motbod  I 
found  to  be  nil  in  the  case  of  berry  wax,  indicating  the  abeoneo  of 

unsaturated  acids,  including,  of  course,  oleio  aoid.  It  appears 
possible  that  Lcwkowitooh  bases  his  statement  regarding  the 
presence  of  oleio  acid  on  an  iodine  value  calculated  from  a  bromine 
value,  and  not  on  an  iodine  value  directly  determined,  which  alone 
would  be  conclusive  evidence. 

The  absence  of  unsaturated  acids  in  berry  wax  no  doubt  accounts 
for  the  stability  of  this  fat  at  comparatively  high  temperatures.  I 
have  for  some  j'ears  found  it  an  excellent  material  for  use  in  the  oil 
bath.  Even  after  repeated  heating  the  bath  compares  very  favour- 
ably with,  for  instance,  melted  paraffin  wax,  giving  off  very  little 
odour  or  obnoxious  vapour,  even  at  300°  C,  and  having  a  very  high 
flashpoint. 

VlCTOBU  OOLIiBOB,  SlBEXBNBOSGH. 
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A  PROPERTY  OF  AXISYM  METRIC  DETERMINANTS, 
CONNECTED  WITH  THE  SIMULTANEOUS  VANISH- 
ING OF  THE  SURFACE  AND  VOLUME  OF  A 
TETRAHEDRON. 

By  Thomas  Muib,  LL.D. 

1.  In  a  Btriking  and  oluuraotoristio  paper/  published  by  Syhrestor 
in  1868,  he  dealt  with  a  conseqiienoe  of  the  nmnltaneoiu  vanishing 
ol  the  Tolnme  and  sur&Me  of  a  tetrahedron.  Denoting  the  aqnared 
afeas  of  the  faces  of  the  tetrahedron  by  F,  Q,  H,  E,  and  the  Toltime 
by  y,  he  sapposes  one  of  'the  Tertioes  to  beoome  a  point  in  the 
opposite  faoe,  with  the  lesnlt  that 

Vf  +     +      +  Vk  =  0 1 

and   V  =  0  ( , 

and  he  thenoe  oonohides  that  if  F,  G,  H,  K,  V  be  expressed  in 
terms  of  one  and  the  same  set  of  variables — say  the  edges  a,  b,  e, 
/,  g,  h  of  the  tetrahedron— the  norm  of  VB^  +  +  +  ^JK 
mnst  e(»itain  Y  as  a  rational  fsctor.  Farther,  the  said  norm  N 
being 

(VF  +  n/G  +  v'H  +  vK) 

-I-  »JF  +  JG  +  Jll  +  JK){  JF  -JG  +  JH  +  VK) 

( JF  +  VG-  VH  +  VE)  (  n/F  +  n/G  +  VH 
.(-  VF  -  -/G  +  ^/H  +  V©  (-       +  VG  -  -s/H  +  JK) 

(-  ^/F  +       +  ^/S 

or 

2iF*  -  42F*G  +  6SFG»  +  iSF^GH  -  40FGflK, 

where 

16F  =  2a»^»  +  +  2g'a'  -  a*  -  A*  -  jf<, 
16G  =  26»/»  +  2/»/i»  +  2h*l^  ^b*^f*^ht, 
16H  «  2c'^  +  V/»  +  2/»c«  -    -  (/4  _/4, 

•  Sylvester,  J.  .7..  "On  tlie  K«lation  between  the  Volume  of  a  Tetra- 
hedron. .  .  ." — Cambridge  atul  Dub.  Math,  t/oiim.,  viii.,  pp.  171-178;  or  Cul- 
iMlHi  Math.  Pupm,  L,  pp.  404-410. 
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and  288  y*  being 


1  1 


or  \V  say, 


he  succeeds,  by  skilful  consideration  of  special  casen,  in  determining 
the  lengthy  expression  (72  terms)  which  is  the  quotient  of  N  by  W. 

In  1859  Cayley  ■'■  drew  attention  to  Sylvester's  very  curious  result, 
but  made  no  advance  in  elucidation  of  it. 

The  object  of  the  present  paper  is  to  show  how  the  subject  may 
be  viewed  altogetlier  apart  from  geometry,  and  to  open  the  wij 
towards  a  compieie  understanding  of  it. 


S.  Taking  any  Tanishing  aiisymmekio  detomdnuit 

(11)  (12)    ...  {hi 

(12)  (29)    ...  (2n 

{nn}  , 


(In)   (2n)  . 
and  miting  its  adjugate  in  the  form 

[11]  [121 
[12]  [22J 


or  A  say. 


[In] 
I2n\ 


[In]   [9n]   ...  [nn] 

we  see  that  since  the  two-line  minors  of  the  latter  contain  A  as  a 
factor  we  have 

[11]  [22]  =  [12]», 
[11]  [33]    =  [13]% 


[11]  [nn]    =  [ln]>. 


To  these  we  may  prefix  for  completeness'  sake  the  truism 
[11J[11J  =  [11]»,  and  thus  have 

_1_  _  J>/L11]  -  >/[22J  _  =      -  'Ann] 

JiXir  [11]  "  "[12]  "  [18j  (!»]• 

Consequently,  since 

A  =  (il)[llj  +  (12)  [12]  +  ...  +  (In)  [In], 

or 

=  (12)  [12]  +  (22)[22J  +  ...  +  (2n)[2n], 

or 


•  Oaxux.  A.t  "Moto  OD  tiM  YalM  oC  otrtain 
/onm.  pf  MtUKt  ULf  ro>  370-177;  or  OoU$eUi  Mmtk,  Paf«rt,  tr.,  pfli 
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it  follows  Hat 

A  «  {(11)  -s/[llj  +  (12)  V[22]  +  ...  +  (1»)  ^llj 


and  iherefore  that 

(11)  Vfli)  +  a^)  ^/[32]  +  ...  +  (in)  V[n»|  =  0. 

it  being  impossible  tliat  the  vanishing  of  A  could  necessitate  the 
vaiiisliitif^'  of  [11].  We  thus  reach  the  followinf,'  general  theorem  : 
1/  [rrj  be  the  cofactor  of  the  dement  (rr)  in  an  axisymmctric  deter- 
minant A  of  the  nth  order,  then  the  norm  of 

(  VElTl  ....  V[nn j][i^"y  row  of  A) 

is  divmble  by  A.  (I.) 

Sylvester's  reBult  is  the  particular  case  of  this  where  the  diagonal 
elements  of  A  are  zeros,  and  the  elements  of  the  last  row  and  d  the 
last  oolmnn  are  units. 

3.  In  examining  the  character  of  the  cofactor  of  A  in  the  norm 
let  us  confine  ourselves  for  the  present  to  the  cases  where  tliero  are 
not  more  than  three  non-zero  elements  in  the  hrst  row  of  A,  and 
first  let  us  see  what  liappens  when  all  the  elements  of  the  first  row 
vanish  except  the  last  two.    The  norm  then  is 

N  -[(1.71-1)  V['i-l.^J  +  (1.  n)  s/ln,  n]] 
and  therofoie  is 

(l,i»-l)'Kl,»^-l]  -  (l,n)»[n.n]. 

But  in  any  d^Urminant  which  fuis  (1,  r)  and  (r,  1)  equal  to  zero  for 
all  valuet  of  r  exempt  n-1  and  n,  the  cofactor  of  (n-1,  n-1)  is 

-  (1,  n)  ^n,  1)  .|(2,  2)  (3. 3} ...  nr-2)l 

and  ihs  oofaetor  of  (n»  n)  ie 

-  (1.       (tir-l,  1) .  I (2, 2)  (3, 3) ...  (»t-2.  «^2)  | ; 

so  that  the  ratio  of  the  two  cofactors  it 

(1,  n)  (ml)  :  (1.  n-1)  (i^-l.  1).  (H.) 

This  ratio  in  the  case  of  an  axisymmetric  determinant  is 
(1, »)' :  (1,  »-l)%  which  is  the  same  as  saying  that  the  norm  in 
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question  vanishes.  We  thus  have  the  theorem:  In  any  axuym- 
metric  determinant  A  which  has  (1,  r)  equal  to  zero  for  all  vaUut  of 
r  except  n-1  and  n,  the  cof actor  of  A  in  the  norm  of 

(1.  ftr-1)  4,^-1,  fi^l]  +  (1,  n) 

is  0, — in  other  words,  tJie  norm  vanisJies.  (iU.) 


4.  If  all  tin;  elements  of  the  first  row  vanish  except  the  first  and 
last,  the  norm  then  is 


whieh 


(l,l)tl,l]-(l.nKn,nl 


=  (1, 1)^1(2. 2)(3, 3) ... (n. »)|  -  1)|(2,2)(3, 3) ... 

=  (1,1){(1.1)|(2^)(S.8)  ...  (n,n)\  -  (l,n)-| (2,2X8.8) ... 

=  (1.1)  A. 

Henoe  in  any  ad9»ymm«M  determinant  A  whieh  hae  eqnal  to 
Moro  for  all  valuet  of  r  except  1  and  n  the  eofaetor  of  A  in  the  norm 

of  (1, 1)  J[r,  i]  +  (1,  n)  J\n^  it  the  element  (1, 1).  (IV.) 

(k  Passing  now  to  those  oases  in  which  A  has  thvee  non-seio 
elements  in  the  first  row,  we  natozally  begin  by  eoosideriDg  ibe 
ease  where 

a  b  e 
A  s  b  d  e 
e   e  f. 

Here  the  fact  already  known  from  §2  that  the  norm  of 
ajA  +  b-jD  +  c     — that  is, 

N{a  JdJ-^'  +  b  JaJ-C  +  c  si  ad  -  b') 

— ^is  divisible  by  A  is  itself  an  aid  in  finding  the  oofaetor.  For  A 
being  altered  and  the  norm  not  being  altered  by  changing  the  sign 
offtorcorsorallof  them,  it  follows  that  the  norm  must  be 
divisible  by 

a    b  -c' 


b  d  c 
-c    e  f 


or  A'  say. 


Since,  however,  the  norm  of  Jx  +  Jf/  +  Jz  is  of  the  second  degree 
in  X,  y,  z,  our  norm  must  be  of  the  6th  degree  in  the  elements  of  A : 
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consequently  tho  vthola  of  ihe  oofaotor  has  not  been  found.  Trying 
a  resolt  of  (kbyley's,  namely, 

111 


1  .  «  y 
1  2  .  a; 
1  y  »  . 


and  bearing  in  mind  that  for  this  detoiminant  we  may  snbetitate 


we  have 


»      fi        n  T 

9  Mr*  ,  xp* 
r   y9*  xp' 


N(  Va»A  +  V^^D  +  = 


[  .  a 

a    2  d  f 

d  .  A 

fl-   /  A 


•  I 

2  a 

a 

d  6» 


•  . 

6»  c» 

p  d! 

6" 

F 

.  Al 

«• 

D 

A  .1 

a* 

!c- 

A  . 

<i 

/ 

• 

A 

A 

• 

It  is  thus  seen  that  (he  missing  cofactiur  is  a*,  and  that  we  have 
reached  at  one  and  the  same  time  two  theorems,  namely,  In  any  three' 
line  axisymmetric  determinant  A  the  cofcuiUJT  of  A  in  the  norm  of 
(11)  Vlllj  +  (12)  ^/Ea2J  +  (13)  433]  is 


(11)= 


and 


(11)  (12)  -(13) 

(12)  (22)  (23) 
-(13)   (28)  (33) 


2  a  d  f 

a  ,  c 

i  6>  .  A 

/  c-  A  . 


■a  b  e 
ss\b   d  e 


a  b  -e! 

6   <i  el 

«  /I 


(V.) 


(VI.) 


6.  Sinoe  the. right-hand  member  of  (VI.)  is  not  altered  by  per- 
lofming  the  oyelieal  gnbetitittions 


fa  d  f\  (c  c  b\ 
id   /  W,    [c    b  ej, 


[ 
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neither  will  the  left-hand  member.    We  thus  have 


2    a  d  J 

a    .  c'\ 

^  .  A> 

/  A  .! 


2  d  /  al 

d  .  b'i 

/  e-  .  D 

a  6>  D  .1 


^    J    a  d 

a  €1*  ,  F 
d  €1'  V  . 


(vn.) 


This  result  ooald  also  ha^e  been  got  by  oonsidering  the  lemsimiig 
nomis 

— a  fact  which  is  only  natural  when  we  note  that  these  ezpreasioQft 
sze  obtained  from  ibe  oonesponding  ezpression  of  §5  by  pecfmning 
on  it  the  eyelical  sabetitatioDS. 


7.  When  sero  elements  erist  in  the  first  row  beside  the  three 
non-sero  elements  a  distinction  is  neoessary,  as  in  |§8, 4,  between 
the  esse  where  the  first  place  is  filled  by  a  sero  element  and  the  ease 
where  it  is  not  so  filled.  The  latter  ease  being  the  mote  closely 
allied  to  that  of  §6  fslls  to  be  considered  first. 

"Box  convenience  in  writing  let  ns  limit  the  nnmber  of  ^  said 
seroB,  A  being 


9 

h 


h 

I 

m 
n 

0 


e 

^  J 

m  71 

P  2 
r  t 


Then,  as  before*  we  have 


f 
'k 

0 

r 
i 
« 


.    rt»  <;»  /» 

a»    .  U  S 

e»   U  .  A 

8  A  . 


But  if  we  use  : 


to  denote  the  minor  of  A  got  by  deleting  the 


rth,  <th» ...  rows  and  the  r'th,  <'th,  ....eolmnns,  it  is  readily 
that 


and 


8  =:  a  : 


u  =  a ; 


!15; 

il6: 

:  156 ; 

\  166  i, 

:  16: 
i  16*: 

;  156 ; 

i  150  i. 
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'  166  •*  ,      •  156 '  t 

row,  +  :       :  row,,   «>1«  +  :  155  j 
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row.  -i-  a,  ool,  4-  a, 


we  obtain 


I 


a  2 


N(a  VA  +  e  n/S  +  / VU)  =  a».  . 

f 


a 

■  156  : 
i  156  : 
il5i 
:16: 
•161 
•16: 


15 ; 
15: 


A 


16 
16 

A 


Further,  having  the  knowledge  from  i'i  tliat  the  f our- Hne  deter- 
minant here  is  divisible  by  A,  and  seeing  that  it  would  remain 
unaltered  although  the  sign  of  /  were  changed,  we  conclude  that  it 
is  also  divisible  by  &e  determinant  resulting  from  A  by  snbstitutiog 
-/for  /.  We  thus  have  the  theorem:  If  any  axiiymmetrie  deUr- 
mincaU  A  which  ha*  (Ir)  equal  to  ftro  for  aU  values  af  r  txwpi 
1,  n-1,  n,  iht  cofaekr  of  ^  in  tk$  norm  of  . 

(1, 1)  Vtirif  +  (1.  »-l)  Jli^W^i]  +  (1,  n)  >/(nrii] 

it  where  ^'  is  ike  detemUnatU  differing  from  A  merely  in  the 
sign  of  (1,  n).  (VIII.) 

Also,  */  A  he  any  axisymvi^fric  determinant  which  has  (l,r)  equal 
to  zero  for  all  values  of  r  except  1,  n  -  1,  n,  and  A'  be  the  delertninant 
differing  from  A  merely  in  the  sign  of  (1,  n) 


AA' 


2i 


1,  n,  n-1  i 
1,  n,  nr-1 : 

(1.1) 

1,  n  '. 

l,n  ': 

1,71-1  i 


(1.1) 

(l.n^l)' 


:  l,n  : 
:  l,f»: 
(l.«-l)« 


:  II 
•  1  • 


i  1.  /^-l 
il.H^l 

(l.«)' 

;  1 : 

:li 


(IX.) 


It  would  be  interesting  to  see  this  last  theorem  proved  directly, 
that  is  to  say,  to  see  the  right-hand  side  evolved  from  the  left  hand 
side  by  mere  application  of  the  elementary  profiterties  of  determi- 
nants. In  default  of  suoh  a  proof  the  theorem  may  be  verified  as 
follows,  the  return  to  the  special  A  with  which  we  started  being 
made  to  save  spaoe  in  writing : — 


A  =  oA  - 


;  15: 

:16: 


_  /a  :  16  :  I  Q-/  :  15 
:  16  i  +      i  16 


31 
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;  16 ;        !  16  : 

:  15  •■  ^  .  ;  16  ■• 
•16:  :16i 


i  15 
i  16 


=  a»A- +  64  I  1^  :  ^  ^     I  16  1  »  _  :  15 


16 


On  the  other  hand,  the  iletorniinaiit  on  the  rij^'ht  side  of  (IX.),  if  we 
express  it  in  a  series  of  terms  proceeding  according  to  binary  pro- 
ducts of  the  elements  of  the  first  row  and  tirst  column,  is 


Now  these  two  uxpressionsi  having  five  tenns  in  common,  will 
manifestly  be  equal  if  we  can  show  that 


A: 


•156 


:156 


15  !  ;  16  i 
16iil6i 


15 :» 

16:; 


and  this  is  unneoessary  beoanse  of  the  well-known  tiieofem  legard* 
ing  a  minor  of  the  adjugate. 

8.  fiefoie  proceeding  farther  it  is  necessacy  to  recall  the  seriee 
of  identities* 


and  to  point  ont  the  effect  of  putting 


I     }  in  the  first. 


*  Iraiu.  a.  Soc.f  Edinburgh^  xxix.,  pp.  i7-M. 


a,„  -  rt,,,  (     the  second. 
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and  so  on.  In  the  first  place  all  the  elements  of  the  last  row 
and  of  the  last  column  of  each  compound  determinant  become 
resolvable  into  two  factors,  one  of  which  is  the  minor  common 
to  all  the  elements  of  the  said  determinant.  The  division  indicated 
can  thus  in  part  be  performed,  namely,  in  the  first  identity  we  can 
divide  by  a?,,  in  the  second  by  Irti.ajj  and  so  on,  with  the  result 
that  the  row  and  column  in  question  become,  as  far  as  may  be,  a 
repetition  of  the  corresponding  row  and  column  on  the  left-hand 
side.    Thus,  in  the  case  where  n  =  Q  we  have 


a. 

a. 

K 

K 

^5 

d. 

• 

/. 

'A  /: 

• 

a. 

• 

1  ' 

d.. 

4  d, 

d. 

.  • 

• 

I  I 

I 

.  1 

a. 

• 

h. 

1 1: 

• 

c. 

ih 

d,  d. 

^5 

fie 

^5 

• 

• 

/s 

I^AI  K*s!  ^'^ 

aiC,\    [a.Cjl  jOiC^I  [a^c^]  c„ 

iMsf  lai^4l  I  Ms  I  dc 

/a          /s          A  /s 


".^3  1 

f  .M3I 

/3 


a^b^c^e^ 

u 


a^bjC^ 
a^bsd^ 

u 


C6 

de 


\aXcj^i\  d^ 
/s 


(X.) 


9.  Let  us  consider  now  the  case  where  none  of  the  three  non- 
zero elements  is  in  the  place  11,  A  being 


d 
e 


9 
h 


i 


h 

I 

m 
n 
o 


d  e 

i  J 

VI  71 

i>  2 
r 


f 
k 

0 

r 

t 


,  as  before,  we  have 

NCd>/P  +  eN/b+/>/U) 


where 


• 

U 

U 

P 

/' 

s 

P 

« 

d 

e 


d  e 

g    h    i  j 

h    I    m  IV 

i    m    p  q 

J    n    q  s 
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146 


156 


^-        :146:    J  :  IfiC 


p  :  *»w  :         :  146 


145: 
:145: 


+^i}t5 


If,  theretove,  wo  perConn  on  the  detocmiiuHit  the  operatioiiu 


row,+ 


;  156  ! 

;  156 : 


row,,    10W3  + 


•   1  Kf?  • 

col,  +  i  jgg  j  ool„ 


there  is  obtained 


N 


f 


150 
150 
156 

146 

15(i 
145 

d 
156 
156 

146 
156 
145 
156 


00I3  + 


146 

2,. -146 

^  :  146 


:  ^„ 

146  i 
146 : 


il45 

156  :  i  156 

146 :  :  145 

146:  :146 

146!  H5 

145  :  ;  145 

146  i  :  145 

by  §a 


fief 

2p 


156 
145 
146 
145 
145 
145 


We  thus  have  the  theorem  :  In  ani/  axisijmjywtnr  determinant  A 
tvliicli  has  (1,  ;•)  ctiiitil  to  zero  for  ail  vcUues  of  r  except  n  -2,  n-  1,  n, 
tlie  cqfactor  0/  A  in  tlie  mnn  0/ 

(1,  nr-1)  v'lh-2, »=2]  +  (1.  ^ir-l)  s![n-l,  ri-\]  +  (1,  n)  J[n~n\ 


M 


tchet 


n-S 


(XI.) 


2  ;i 


^\  is  Hhe  minor  of  A  oecupyin<f  the  rowi  and 


columns  whase  numbers  are  2,  3, n-d. 


10.  It  is  easy  to  see  from  i'S  why  the  norm  in  the  preceding  case 
bhouiU  vauibh  wheu  auy  quo  of  the  three  elements  (1,  »-2),  (1,»-1^, 
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(1,  n)  vanishes:  why  it  should  vanish  when  L  3 

-vanishes  is  not  so  appKrant,  and  the  xeaflon  when  found  iB  of 
oongiderable  interest. 

As  a  prelimittuy  let  us  oonsider  an  azisymmetrio  detenninant 
of  the  form 


b 
c 


d 

€ 

f 

h 
i 


i 

m 
n 


9 

i 

0 

9 
r 


b 
h 
m 

9 

V 

w 


c 
i 
n 
r 

w 

X 


on  the  floppoeition  that  the  mmor 


d 

0 


J 

k 


f 
k 


»0. 


It  is  at  onoe  evident  that  the  determinant  is  equal  to 


*• 

I"* 

e 

f 

i 

+  96c 

d  « 

i 

ft 

d 

€ 

i 

h 

e 

j 

k 

n 

""I 

e 

j 

m 

/ 

k 

0 

r 

/  i 

0 

r 

i 

k 

0 

9 

» 

n 

r 

X 

h  m 

9 

wl 

m 

9 

V 

where  £,  r],  ;  may  be  looked  on  as  the  principal  minors  correspond- 
ing to  the  elements  v,  w,  x  of 


and  where  therefore 


d 

e 

f 

h 

m 

t 

e 

j 

k 

m 

n 

/ 

k 

0 

r 

h 

m 

V 

w 

« 

n 

r 

w 

n 

t 

d 

e 

i 

h 

• 

t 

d 

e 

3 

m 

n 

e 

f 

k 

0 

<1 

r 

/ 

'h 

m 

V 

w 

i 

n 

r 

X 

k 


ii  =  0. 


From  this  it  follows  that 

-  6»f  +  26ci|  -      -  -  (64*  -  c<:*)»; 

80  that  we  have  the  theorem :  Any  axitymmetrie  determinant  which 
has  (1,  r)  equal  to  zero  for  all  valuet  of  r  except  n-l  and  n  is  expres' 

12    3  11  —  2 

2   3   "*  vanishes.  (XII.) 
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11.  In  order  to  find  the  actual  quadrate  expression  in  (XIL)  we 
note  that  £,  ^  being  both  axisymmetric  determinants  with  a  vanishing 
prinoipal  minor  axe  themselves  expressible  as  squares,  namely, 


j  k\^\' 

k  o\  i  * 


We  thus  have  the  determinant  with  wfaioh  we  started,  and 
has  been  shown  equal  to  -(6^-c{*)*, 


=  [ 


U  « 

d   e\i       Id  f 
•  1  —ml  X  ^ 


J  A-M 

k    o,  \ 


\b    c\  \d 

1  ^ 

c\  \d 

f 

b 

c'  1; 

k' 

Is  A' \^ 

|m 

0 

+ 

h 

0. 

as  required. 

It  may  be  noted  that  the  form  of  the  xeeult  snggssts  the  following 
altematiTe  proof :  By  performing  the  operatioiis 

0  xoWj    5  row^     c  oolj  —  b  ctA^ 

we  have  the  given  determinant 


• 

d 

• 

s 

a 

{ 

/ 

cm- 

• 

n 

d 

e 

e 

i 

cm — 

out — bn 

0  cq-br 
-  br   c'v  -  2b(no  + 
r  cw  -bx 

ch  —  bi 
cm  —  hn 
cq  —  br 


c 
f 

n 

r 


by  the  theorem  just  used  in  regard  to  1  and  ^. 
12.  Betummg  now  to  the  norm 
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oonneoted  with  Ihe  determimuit 


I- 


a 

'6 


d  e 

M 

y  i 

h  m 
%  n 


f 
k 

o 

P 

Q 
r 


h  c 

g    h  % 

I    m  n 

q  r 

t  » 

1?  w 


a 


P 
i 

t 


u  w 


let  OS  see  what  happens  when  the  minor  I  g  |  ^1  vaniBhes.  From 


§10  we  learn  that  on  that  sapposition  8,  Y,  X  aie  expressible  as 
sqnares,  and  oonse^ently  oan  have  their  roots  eztraeted.  We  thus 
have  feom  §11 


+"11; 

a  b  c 
a  b  c 
p  q  r 


r 

e 

c 

J 

> 

h 
m 

c ' 
n 

d 
f 

f 

0 

+ 

b 

h 

I 

\d 
■  k 

oi  1 

c 
r 

• 

d 
e 

e 
j 

a 
I 

c 
n 

• 

1 

d 
f 

f 

0 

+ 

a 
9 

c 
« 

\d 

A:  »  ( 

b 

\d 

e 

t 

a 

b 

id 

0 

a 

h 

\d 

9 

4 

\e 

• 

J 

I 

m 

• 

\f 

9 

h 

d  e 
e  j 


J  _ 


a  b  c 
a  b  c 
I  m  n 


'^d   f  ^ -\-  a    b  c\ 
[/   o\      a   b  c[ 
9  h  i{ 


d 
k 


kl* 

0  L 


=  0. 


And  this  vanishing  expression  being  one  of  the  eight  whose  product 
constitutes  the  norm,  the  norm  itself  must  vanish. 

Dee,  »,  1906. 
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EXAMINATION  OF  THE  VALIDITT  OF  AN  APPROXIMATE 
SOLUTION  OF  A  OEBTAIN  VBLOCITT  EQUATION. 

Bt  a.  Bbowm,  MJl,  B.Sc 

(Bead  November  28,  1907.) 

§1.  This  problem  lias  been  suggested  by  ihe  important  pert 
played  by  "  initial  oonditione  '*  in  the  eolittion  of  differential  eqoa- 
tione  ooenrring  in  Dynamics.  In  certain  eases  the  special  character 
of  the  **  initial  conditions  "  makes  a  simple  treatment  of  the  equa- 
tion possible;  but  snffident  attention  has  not  been  paid  to  the 
qnestion  whether  the  simplification  introdnced  is  Icf^timate,  or  to 
the  inTestigation  of  the  limito  within  which  it  holds. 

To  make  the  matter  dearer,  consider  the  equation— 

with  initial  oooditicHi  ysX  when  tsO,  X  being  sapposed  smaU. 
One  method  of  obtaining  an  approiimate  sdntion  is  to  start  with — 

dy 

and  find  the  eolation  of  this  equation.  The  vseolt  is  Xc"*. 

It  is  then  aesnmed  that  if  the  solution  thus  obtained  is  small  for 
all  Tallies  of  the  result  given  is  an  approzimftte  solution  of  the 
original  equation. 

The  actual  solution  of  the  equation  is  X .  t~* .  i  _  xfc|iir7-^»  ^ 

order  that  this  be  expansible  in  powers  of  X  for  all  values  of  Mt  is 
necessary  that  Xfc<l.  IfXilOlthe  solution  of  the  simplified  equa- 
tion  is  not  even  approximately  a  solution  of  the  original  equation ; 
and  unless  \k  is  a  small  fraction  the  solution  given  will  not  be  a 
good  approximation.  The  validity  of  the  simplification  depends  on 
the  nature  of  the  ooefGicients  as  well  as  on  the  smallness  of  \  ;  and 
it  seems  important  to  investigate  how  small  X  must  be  for  the 
simplified  form  to  be  used* 
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§  2.  The  first  question  we  ooimider  is — 
Under  whet  conditions  oen  a  aointion  oC — 

^^a^+ajf'  (1) 

with  initial  oondition  when  isO,  be  obtained  in  a  aeriee  of 
aaoending  powers  of  X  ? 

[This  simple  form  is  taken  in  order  to  illustrate  the  method  used 
in  the  more  general  case,  and  also  because  the  resoU  can  be  toctori 

by  comparison  with  the  solution  in  finite  terms.] 
To  determine  the  possibility  assume  a  solntion  of  the  form — 

y=To+XT.+XT,+   (2) 

and  determine  the  T's  so  as  lo  satisfy  the  differential  equation.  If 
the  series  thus  obtained  is  convergent  the  ezistenoe  of  a  solution  of 
this  form  is  established. 
From  the  initial  conditions  we  have — 

To=0,  T,  =  l,  T,  =  0,  T3  =  0,  ...  when«-0. 
Sobstitate  from  (2)  in  (l)— 

t;+xt; +x»t; + . . . = a,{T,, + xt. + x^t. + . . .) 

+aa(To+XT,-f\»Ta...)', 

(IT 

where  means 

Equating  powers  of  X — 


r„=a.To+a,T; 


T:=a,T.  +  a,.2TJ 
T;=a.T.+a,(T;+T. 


(3) 


The  first  of  tiiese  has  «he  initial  condition  To^O  when  <sO ;  hence 
initiaUy  T;=0  ;  and  thus  To=0  for  all  time. 
Transform  the  set  (8)  by  the  snbstitotion — 

T,«8,.e««t  (4) 

and  the  equations  (8)  become  a  set  of  which  a  typical  member  is — 

8;«a..«».*[So8.+S,a„+...+S^.8,H-8AJ   (5) 

The  initial  oondition  applicable  to  T,  gives  ns  8,=1  when  t=0. 

Farther  substitate— 

S^=arB,  (6) 
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for  valaes  of  r  above  unity  end  the  tgrpioal  number  (4)  beoomee — 


•(7) 


(8) 


Hence,  uaing  the  initial  conditions — 

It  is  here  to  be  noted  that  R^  =  0  ;  nnd  hence  when  the  expansion  (2) 
is  applicable  the  values  of  the  coethcients  can  be  determined  by 
quadratures  from  (8). 
The  solution  is-r- 

X£«.'  [1  +  a^K,  +  a^»K3  + . . .]  (9) 

To  disonss  the  convergence  of  (9). 

From  the  Tallies  of  Bo  and  B„  aiid  the  mode  of  formation  of  the 
subsequent  coeffieients,  it  is  olear  that  the  B's  are  all  positive  for 

positive  values  of  t. 

e^'*  is  one  factor  in  the  solution,  and  will  ooenr  to  higher  powers 
in  the  other  factor;  so  that,  if  we  include  in  onr  consideration  large 
values  of  a  necessary  condition  for  the  convergence  of  the  series  is 
a,  negative. 

Put  a,=  —  a,  where  a,  is  positive. 

Applying  this  resolt  we  have— 


1 

Jo  «i 
JO  «« 


a  ( 


+  K. .  K^,  +  KiE,i_, 


.(10) 


where  the  K's  satisfy  the 

K.  =  l 
a. 


.(11) 
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This  oin  be  simplified  sliU  farther  by  patting — 

Kr»-^,  (ftxdwiling  rsO. 


We  now 

L.=l 

L,-(iai«+Ii.L,) 

To  determine  the  L's  put — 

jrsIi,+L^+IVB*+... 
so  that  I'i-XMssh'^ljjs+li^-^,.. 

=  (  Lo  +  L  .a;  +  L.a:^ .. )' 

—  X'Z 

(l+a;»)«=» 
/.  «»a;»+»(2x-l)  +  l=:0 


2^^^        electing  the  sppiopmte  sign 


where  Cr  is  the  coefficient  of  -     in  the  expansion  of  (1  -  4x)~. 
Henoe  LpSg«r 

Now  the  expaneion  of  (1 — ixf  in  aseending  powers  of  a;  is  oonver- 
gentif«<i;  henoe  L  ^•*-4,  and /.  lV>4. 

Thus  the  solution  of  the  differential  equation  is — 


where  4. 

This  will  therefore  be  convergent  if  j     j  < j^. 
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Hence  condiUont  whieh  ar»  eertainiy  mfficimU  far  ih€  oj^pidcabiUty 
of  this  form  OTB — 

(1)  Os  negative. 
at  I 
4a,  |. 


(9)X< 


(For  the  oase  considered  in  §1  this  gives  ^<^t  whereas  we  know 

that  the  range  of  availability  of  the  method  is  bounded  by 
§8.  Apply  the  same  method  to  the  moie  general  eqoatioD — 


.(13) 


subject  to  the  initial  conditiou  when  t=0. 

Try  a  solution  of  the  form — 


y=To  +  XT,  +  vT,+  

Substitate  in  (13)  and  equate  coefficients  of  X — 

.•.T:  =  rt.T,  +  a,T:  +  a3T^+... 
T;  =a,T,  +rt^TeT,  +  T.To)  +  «; .  3T-T,  +  ... 
T;=a.T,+a,(ToT.+Tj)+a3 .  STJ .  To+... 

The  initial  conditions  for  the  different  T's  are — 

To=0,  T,  =  l,  T,=0,  T3=0  ...  when  i=0. 

Bnbstitate 


.(14) 


.(15) 


.(16) 


.'.8^=0 

S.  =  l 

8;«««*.a^SoS,  +  S!)  + 1'<''' .  a3(3SoS0  +  ... 


Once  more  it  is  to  be  noticed  that  the  coeflBcients  T  or  S  can  be 
immediately  evaluated  by  quadratures,  since  the  coefficient  of  in 
the  equation  for  %.  is  wro,  and  the  earlier  T's  are  oalcuhkted  in 
succession. 

As  in  the  case  discussed  in  §2,  a  first  condition  for  convert^encc 
will  be  a,  negative,  equal  to  -  at  (say)  where  oi  is  positive.  Follow 
the  line  taken  in  S2,  putting  a,\  =^a„ \a^\ &c.  ;  we  then  find 
that  each  oi  the  b's  has,  for  all  values  of  T,  a  modulus  not  greater 
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than  thai  of  the  oonetponding  B  where  the  set  of  B's  is  given  by 
the  eqnationB— 


B,=l 


+  ... 


Write— 


B,=^| .  2B.B, + ^(8BA + 6B.BA)  +  •  •  • 
il=B,i  +  B^»  +  B^3  +  ... 


.(17) 


Then  ^;.,»  +  ^^^. ,3  +  ^^.1,^  + 


= "*(R.{  +  B^« +  ...)'  + ^^(B,f + B^ +..  .)3 +  ..  . 
=  RiM-R3^3  +  B,^*  +  ... 

The  reversion  of  this  series  gives  sn  expression  for  9  in  aeoeniling 
powers  of    the  coeflfioients  therefore  being  the  B's. 

In  a  previous  paper  *  I  have  shown  thai  the  reversed  series  is 
oonvergent  if  !  5 1  <J,  where  J=  7(1+2/3)*+!    .(1+2^,  fi  being 

the  greatest  of  the  set 
Hence  finaUp  the  solution  of~~ 


'^^  =a,y + + 03^3 + . . . 

toWi  initial  condition  y=\  when  t=0  can  certainly  be  obtained  hy 
eueeeuive  approximation  in  a  eonoergent  teriee  of  powere  of  X  pro- 
vided 

Os  M  negatioe, 

and  i\\<  Ji  +  2tiy  +  l    -(1  +  2/3), 


where  /3    tiic  yrcatat  0/  the  set 


a. 


2a,li  \Sth\ 


•  Brit  Anoo.  Beport,  IMS,  p.  819. 
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NOTES  ON  THE  MORPHOLOGY  AND  BIOLOGY  OF 
HYDNOBA  AFIUCANA  Thunb. 

By  B.  Mablote, 

(Bead  November  28. 1907.) 

The  game  Mydtwra,  which  comprises  seronl  species  (about 
seven),  is  confined  to  Africa*  Bourbon,  and  Madagascar.  They  are 
all  parasites,  which  grow  on  the  roots  of  different  shrubs  and  trees. 
The  species  which  forms  the  subject  of  these  notes,  viz.,  Eydnora 
africana,  uses  the  common  milkbusb  of  the  karroo  and  karroid 
regions  ot  the  interior  as  its  host,  viz.,  Euphorbia  mauritanica  L. 

The  genus  is  usually  placed  in  the  natural  order  Bafflesiacec, 
which  in  its  turn  is  sometimes  combined  with  CytinacesB,  as,  e.g.,  by 
Bentham-Hooker.  It  has  been  pointed  out,  however,  by  Solms- 
Xiaubach  that  the  connection,  as  far  as  the  morphological  characters 
are  concerned,  is  a  very  weak  one,  and  that  it  would  be  better  to 
establish  Hydnoraceas  as  a  separate  order.  There  is  only  one  other 
plant  nearly  allied  to  Ilydnora,  viz.,  the  South  American  genus 
Prosopanclic,  which  is  monotypic,  possessing  only  one  Bpecies,  viz., 
ProsopancJic  BuniLcistcri  Du  Bary.  This  plant  represents  one  of  the 
few  threads  which  connoot  the  iiora  of  bouth  America  with  that  of 
South  Africa. 

There  are  three  species  of  Hj/ihiura  known  from  South  Africa,  but 
one  only,  viz.,  H.  africufui,  is  of  fairly  common  occurrence. 

The  plant  consists  of  an  underground  angular  stem,  which  is 
covered  with  tubercles,  but  produces  no  roots,  attaching  itself  to  the 
roots  of  the  host  by  sending  suckers  into  its  tissue.  At  these  spots 
the  Euphorbia  root  swells  considerably,  and  as  the  free  end  usually 
dies,  such  a  root  does  not  feed  its  own  plant  any  more,  but  serves 
merely  as  a  feeding-tube  of  the  parasite,  tluough  which  the  building 
materials  which  it  requires  are  drawn  from  the  host. 

When  the  stem  of  the  parasite,  which  creeps  horizontally  in  the 
ground,  has  become  sufficiently  large  and  gorged  with  food  materials. 
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it  produces  buds,  which  soon  appear  above  the  surface  of  the  ground,  I 
and  finally  open  with  three  slits.    It  is  in  the  structure  of  the  flower 
that  I  have  observed  something  which  had  hitherto  escaped  the 
attention  of  botanists. 


Hydnora  africana  Thunb. 


1.  Flower  cut  open,  one-third  removed. 

n,  androecium. 
st,  stigma. 
p,  placentffi. 

2.  Transverse  section  through  one  perianth-lobe  with  the 

white  bodv  in  the  centre. 

Each  of  the  three  sef^nients  of  the  perianth  bears  a  large  snow- 
white  body  on  its  inner  side,  while  the  remainder  of  the  inner 
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snrCaoe  of  Ihe  flower  is  of  a  bright  fleshy  oolovr.  These  three  white 
bodSee  iie  not  mentioned  in  any  existing  description  of  JJfdnom, 
and  I  think  I  have  found  the  reason  why  that  is  not  tlie  ease. 

When  I  made  this  little  diseovery  by  opening  a  large  bod  of  the 
plant  I  was  to  sorpcised  by  the  diiSuenoe  in  appearance  and  stroe- 
tore  that  I  analysed  a  portion  of  this  body.  While  the  entire  plant 
is  highly  impregnated  with  tannin,  containing  almost  as  much  as 
oak  bcffk,  this  white  substance  is  like  a  spongy  pudding,  not  only  in 
appearance  but  also  in  taste,  containing  fat  and  albuminous  matter. 

It  ooeurred  to  me  at  the  time  that  this  might  serve  as  an  attrac- 
tion to  some  animal,  wliich  in  feeding  upon  these  bodies  would  effect 
oross-poliination  of  the  plant,  but  it  was,  of  course,  not  possible  to 
guess  who  the  visitor  might  be.  However,  some  friends  <A  mine, 
among  them  Mr.  Izaac  Meiring  at  Worcester,  sent  me  some  more 
flowers,  each  one  carefully  wrapped  np  in  a  piece  of  cotton,  and 
among  them  I  found  several  which  contained  a  number  of  black 
beetles.  These  have  been  identified  by  Mr.  Pdringuey  as  Dcnncstes 
rulpinua,  an  insect  which  is  well  known  to  collectors  of  skins  and 
hori^s,  as  the  beetle  as  well  as  the  larva  destroys  animal  specimens  if 
not  properly  preserved. 

As  this  beetle  lives  on  carrion  and  other  animal  matter,  it  is 
evidently  attracted  by  the  smell  of  putrefaction  which  the  white 
substance  emits  on  decaying.  The  Hower  is  really  a  trap  for  these 
beetles,  for  the  inner  side  of  each  segment  is  lined  with  a  fringe  and 
covered  with  bristles  which  point  inwards,  allowing  the  beetles  to 
creep  in  but  preventing  them  from  leaving  the  flower  when  their 
meal  is  finished.  In  their  endeavour  to  escape  they  must  neces- 
sarily crawl  over  the  anthers  and  stigma,  and  consequently  become 
covered  with  the  pollen.  When  at  last  the  flower  withers  and  the 
bristles  shrivel  up,  the  beetles  are  able  to  escape  and  to  enter 
another  flower,  thereby  transporting  the  pollen  from  one  flower  to 
another  and  effecting  cross-pollination. 

As  the  anthers  are  situated  above  the  stigma,  self-fertilisation 
would  also  take  place  in  case  no  crossing  should  have  been 
efSBcted. 

These  observatim  explain  why  the  white  bodies  have  not  been 
described  until  now,  for  in  the  flowers  which  reached  botanists  at 
home  these  bodies  had  dther  been  eaten  out  by  insects  or  they  had 
decayed  during  the  drying  of  the  juioy  plant 

The  question  arises,  which  morphological  part  of  the  flower  has 
been  modified  in  such  a  remarkable  way?  This  question  I  must 
leave  undecided,  for  these  bodies,  which  possess  the  function  of 
nectaries,  may  be  modified  petals  or  stanunodes  or  merely  append- 
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ages  of  the  perianth  segments.  It  would  be  necessary  to  examine 
the  other  species  of  TJydnora  in  tliis  respect,  and  it  may  be  necessary 
to  trace  their  evolution  from  the  youngest  stage. 

It  is  often  stated  that  the  fruit  of  this  plant,  which  contains  a 
jelly-hke  mass,  in  which  the  tiny  seeds  are  embedded,  is  a  favourite 
food  of  the  jackals,  and  the  Colonial  name,  "jackals  kost,"  has 
been  given  to  it  on  that  account.  Whether  that  is  correct  or  not 
I  cannot  say,  but  I  have  found  many  of  the  fruits  scratched  out  of 
the  ground  in  places  where  no  jackals  lived.  It  appeal  -,  more  likely 
that  the  unearthing  of  the  fruits  is  done  by  the  porcupines,  for  I 
have  seen  their  burrows  among  the  Euphorbia  bushes  where  the 
Hydnora  abounded.  These  animals  would  eat  the  contents,  jelly 
and  seeds,  and  in  their  nightly  wanderings  disseminate  the  planl 
afterwards. 

The  floweEing  ooMon  of  flie  plant  is  spring,  and  Hie  frnit  lipeos 
dnrixig  the  anmmer.  however,  no  rains  should  have  hJHm  si  the 
proper  time,  the  plant  dose  not  flower  at  alL 
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ANNUAL  ADDAESS  TO  IHE  MEMBEBS 

SOUTH  AFRICAN  PHILOSOPHICAL  SOCIETY 
On  TBI  8th  of  Auauar,  1906. 

By  tbb  FioKaDBMT,  J.  d  BEATTIE,  D.So. 

ON  SOME  PHTSIOAL  FB0BLB1C8  IN  SOUTH  AFUCA. 

An  address  such  as  I  propose  to  ^jive  you  this  eveuing  requires  in 
the  first  place  a  short  introduction  to  u\oid,  amongst  other  things, 
a  want  of  perspective.  It  is  impossihle  in  a  sliort  paper  such  as 
this  is  to  take  up  every  physical,  much  less  every  scientific,  problem 
of  interest  to  this  conntry,  and  the  choice  of  subject  indicates  only 
ihe  speaker^B  limited  knowledge ;  does  nol  mei&  tlial  there  are 
not  other  bruiohee  of  knowledge  of  abioibuig  inteveat  aeientifically 
and  eeonomieaUy,  bat  tather  thai  the  predilection  of  the  speaker  is 
to  those  he  is  more  or  less  aoqnainted  with. 

The  title  on  the  hillet  is  too  oomprehensive  even ;  a  not  too  wide 
interpretation  of  it  would  bring  in  many  problems  in  geology,  and 
natually  any  snoh  addless  might  be  expeoted  to  take  into  aoooont 
the  problem  of  the  standardisation  of  instmments  in  this  ooontry. 
At  present  there  is  no  plaoe  m  South  Afrioa  which  does  the  work  of 
a  Beiohsanstalt  or  a  national  physical  laboratory.  The  consideration 
ol  this  problem  cannot  be  much  longer  deferred.  It  is,  however, 
one  vfbklli  is  South  AfHcan  only  in  so  far  as  South  Africa  feels  the 

needs  of  a  modem  dvilisation.  I  hope  at  some  later  date  to  put 
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before  you  further  oonsiderations  on  this  matter  of  a  South  ^Vfriciii 
StoncUurds  laboratory.  The  problems  I  wish  to  speak  of  to-night  are 
more  particularly  connected  with  the  physios  of  the  earth's  snrfMS 

and  atmosphere  in  South  Africa. 

The  International  Scientific  Catalogue  groups  these  subjects 
under  the  title  ^leteorolofTj'.  This  science  in  its  narrower  sense 
is  more  or  less  familiar  to  all  of  us,  and  I  wish  to  direct  your  atten- 
tion to  it  for  a  few  minutes.  The  meteorolof^ist  must  in  the  first 
instance  be  a  good  physicist.  The  world  for  him  is  a  great  physical 
laboratory  in  which  the  forces  are  mostly  beyond  bis  control.  The 
principles,  however,  are  throughout  physical,  and  advance  can 
only  be  made  through  a  knowledge  of,  and  the  correct  application 
of,  them. 

In  considering  meteorological  data  we  may  proceed  in  the  follow- 
ing way.  We  consider  at  one  place  the  change  in  any  one  element 
— such  as  the  temperature— as  time  goes  on.  The  first  and  natural 
period  is  the  day.  In  a  normal  day  the  temperature  varies  in  a 
manner  which  is  so  regular  that  the  changes  may  be  represented  by 
fairly  simple  mathematical  formulae.  There  is  for  this  and  for  each 
of  the  other  meteorological  elements  a  well-marked  daily  variation  ; 
the  diagrams  before  yoa  show  this  variation  for  Cape  Town  in 
temperature,  humidity,  and  baionietrio  pvessim. 

Instead  of  ttldng  the  day  to  our  unit  of  time  we  oao  take  the 
year.  The  phenomena  looked  at  from  this  point  of  view  show  * 
second  well-marked  wiation.  This  is  the  annual  Tariation. 

The  seoond  set  of  diagrams  shows  this  again  for  Cape  Town. 

Still  oonfining  onrselTes  to  the  meteorological  data  at  one  place, 
we  may  now  inquire  whether  there  ace  other  yariations  f»tffHting 
over  longer  or  shorter  periods,  such  as  the  so-called  eleveo-yetf 
period ;  and,  finally,  we  may  try  to  ascertain  whether  the  data  giv« 
any  indicati<m  of  a  secuUur  ohange.  In  other  words,  is  it  poesihie  to 
decide  whether  Gape  Town  is  becoming  hotter  or  odder,  drier  or 
wetter.  The  immense  practical  value  of  this  subject  now  becomes 
evident.  With  suflEicient  data  it  might  be  possible  to  say  whether  or 
not  the  average  yearly  rainfall  at  any  given  place  was  increasing  or 
decreasing,  and  to  determine  whether  the  change— if  any— Is  ooo- 
nected  with  any  other  change,  such  as  an  mcrease  or  deeceaae  of 
vegetation  in  the  neighbourhood  of  this  place,  and  whether  or  not  it 
would  be  possible  by  human  agency  to  control  the  change. 

I  pass  on  to  consider  two  subjects  which  in  some  of  their  mani- 
festations are  closely  related  to  meteorology— the  subjects  of  earth 
magnetism  and  of  atmospheric  eleothoity.  A  magnet  suspended 
freely  at  its  centre  of  gravity  takes  up  at  a  given  place,  and  at  m 
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given  inttent,  a  definite  pontion  depending  on  the  ewlli't  field  at 
that  place  at  that  instant.  If  we  consider  the  magnetic  data  for  a 
given  plaoe,  as  time  goes  on  we  find  weU>marked  daily  and  annual 
variations,  jr.st  as  in  the  case  of  the  meteorological  elements.  Theee 
diagrams  show  this  for  Gape  Town.  Farther  study  ol  the  magnetio 
elements  at  one  place  shows,  however,  a  new  phenomenon.  If  we 
consider  the  declination,  for  example,  we  see  that  there  is  another 
and  slow  change  going  on.  This  is  the  secular  variation,  whoee 
period  would  appear  to  be  about  a  thousand  years. 

The  study  of  atmospheric  electricity  may  be  approached  from  two 
sides.  A  charged  insulated  conductor,  for  example,  will  not — even 
if  it  is  supported  by  a  perfect  insulator — retain  its  charge  indefi- 
nitely ;  and  the  rate  at  which  the  charge  is  lost  varies  with  time  at 
the  same  place.  The  systematic  study  of  tliis  loss  in  a  free  atmo- 
sphere has  only  been  carried  on  for  a  few  years,  l)ut  it  is  already 
evident  that  here  also  there  is  a  daily  and  an  ainiual  period.  You 
will  see  this  very  clearly  in  these  diagrams,  which  give  the  result  of 
observations  by  Mr.  Lyle  at  Bloemfontein. 

A  second  method  of  studying,'  the  electric  state  of  the  atmosphere 
is  to  observe  the  difference  in  electric  intensity  between  a  point  at  a 
fixed  distance  above  the  ground  and  the  earth  itself.  In  this  case 
also  daily  and  annual  variations  are  well-established  facts. 

•I 

If  instead  of  considering  the  change  at  one  place  as  time  goes  on 
we  consider  the  value  of  the  elements  at  the  same  instant  at  every 
part  of  a  given  region,  we  would  then  have  a  survey  of  that  region 
lor  meteorology,  magnetism,  or  eleetrioity,  as  the  case  may  be. 

The  reaolto  of  snob  snrveys  are  embodied  in  maps,  in  a  given 
region,  for  example,  all  plaoes  with  the  same  temperature  may  be 
joined  together  by  a  line  called  an  isotherm.  A  number  of  laotherms 
eonesponds  to  a  temperature  contour.  The  particular  isotherms 
which  we  obtain  by  taking  the  mean  of  the  temperatures  of  a 
sufficient  number  of  years,  and  which  therefore  does  not  show  the 
effect  of  periods  such  as  the  daily  or  the  annual,  does  not  ditEnr 
much,  if  at  all,  in  position  if  it  is  derived  from  the  mean  of  the  tem- 
peratures of  another  sufficient  number  of  years.  In  other  words, 
there  is  no  sign  of  a  secular  variation  of  temperature.  It  is  impos- 
sible as  yet  te  say  whether  this  is  due  te  insufficient  and  non-hcnno- 
geneons  data  or  te  the  fact  that  the  region  under  consideration  is 
actually  not  becoming  slowly  hotter  or  colder.  A  map  of  this  nature 
for  South  Africa  would  show  irregularities  due  to  the  relative  posi- 
tion of  sea  and  land  and  te  the  different  heighte  of  the  latter  if  the 
effect  of  ibb  height  were  not  eliminated  by  a  special  calculation. 
Another  way  of  showing  the  temperatures  in  a  region  is  to  calculate 
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the  avorarje  temperature  along  a  line  of  latitude,  and  then  to  note  on 
the  map  for  each  place  the  difference  between  the  actual  tempera- 
ture of  the  place  and  the  mean  temperature  of  its  latitude.  Such  a 
map  show^;  what  are  called  temperature  anomalies. 

In  the  case  of  a  map  showing  the  results  of  a  niu;4iu  iic  survey  the 
state  of  a  region  is  shown  by  isomagnetic  lines.  The  map  before 
you  shows  the  lines  of  true  dip  for  South  Africa  for  July  1,  1903. 

The  smaller  maps  show  the  dip  in  South  Africa  at  other  periods. 
These  httve  been  derived  by  calculation,  and  do  not  give  the  devia- 
tions due  to  local  dUtorbanoeB.   The  first  thing  that  strikes  one  in 
oomparing  the  different  maps  is  the  &ot  (bat  there  are  great  dis- 
placements  of  the  isomagnetic  lines  from  one  period  to  another; 
secondly,  the  lines  in  the  lazger  map  are  very  tortoons  in  some 
regions,  in  others  they  are  bnnehed  together,  and  in  othen  still  they 
are  spread  widely.  The  consideration  of  the  eauses  of  these  acrange- 
ments  of  the  lines  brings  out  (me  of  the  difEerenoes  between  earth 
magnetism  and  meteorology.    The  latter  embraces  results  which 
arise  from  the  effect  of  onr  son  on  the  land  sor&ce  and  its  adjoining 
waters,  and  which  is  nninflnenced  by  the  earth's  emat  below  a  depth 
of  a  few  yards.    On  the  other  hand,  earth  magnetism  gives  us 
resnlts  which  after  the  son's  effect — shown  in  the  daily  and  aonual 
variations — ^is  eUminated,  depend  on  the  nature  of  the  earth's  emafc 
to  some  distance  below  the  sot&oe.  This  effect  is  shown  vecy 
clearly  if  we  again  present  the  results  at  different  parts  in  the  locm 
of  deviations  from  the  mean  magnetic  state  ss  derived  from  aO  the 
observations  in  the  region.   In  suoh  a  map  certain  places  have  a 
greater  dip  than  the  mean ;  that  is  to  say«  these  pi  icos  are  in  South 
Africa  magnetically  equivalent  to  weak  south  poles,  which  pull  down 
a  freely  suspended  magnet  more  than  the  other  parts  of  the  region. 
When  the  observation  of  the  other  magnetic  elements  are  treated  in 
the  same  way  it  is  then  possible  to  determine  the  position  of  the 
disturbing  body  and  its  extent.   In  Sweden  and  in  America  sorfeye 
of  this  nature  have  been  made  to  locate  iron  ore  deposits. 

Another  physical  experiment  allows  us  to  obtain  information  con- 
cerning the  density  of  the  material  under  the  earth's  surface.  The 
attraction  of  the  earth  on  a  body  is  known  to  he  different  at  different 
parts  of  the  earth  after  the  necessary  allowance  has  been  made  for 
the  shape  of  the  earth.  The  gravitational  irregularities  in  a  par- 
ticular region  can  he  shown  on  a  map  representing  the  results  of  a 
gravitational  survey  of  that  region.  The  map  might  have  on  it  iso- 
gravitational  lines,  or  it  may  have  marked  on  it  the  gravitational 
anomalies.  The  latter  are  present  in  the  neighbourhood  of  moun- 
tains, and  even  in  plains  which  on  the  surface  give  no  indication  ol 
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diffaranoeB  of  eonstlfeation.  A  waU-knom  «nunpb  is  fhal  ol 
MoBoow»  standing  on  a  plain  which  nndezneath  has  a  density 
mask  smaller  than  one  would  expeoi  The  anomaly  is  due  to  the 
prcsenoe  ol  a  great  eoalfield. 

I  have  now  stated  to  yon  how  the  sabjeote  of  meteorology,  earth 
magnetism,  and  gravitation  are  related  to  each  other.  You  will  now 
understand  how  it  is  that  the  study  of  meteorology  is  incomplete 
without  a  simnltaneons  study  of  the  daily  and  annual  variations  of 
earth  magnetism  and  of  atmospheric  electricity,  and  how  the 
geologist's  knowledge  of  the  constitution  of  the  earth's  crust  must 
he  supplemented  by  a  study  of  magnetic  and  of  gravitational 
anomalies. 

T  come  now  more  particularly  to  consider  what  we  in  South 
Africa  have  done  foi-  the  study  of  these  subjects,  and  whether 
what  wc  have  done  is  suflicient  to  give  us  all  the  information  we 
desire.  You  will  have  noticed  that  the  deductions  from  any  survey 
can  be  drawn  only  after  corrections  have  been  applied  to  eliminate 
the  effect  of  known  causes  such  as  the  sun's  heat  and  the  shape  of 
the  earth,  and  in  the  case  of  earth  magnetism  allowance  has  been 
made  for  the  secular  variation.  A  lack  of  knowledge  of  these  cor- 
rections would  lead  us  to  make  wrong  deductions,  and  the  first 
essential  is  the  establishment  of  a  well  equipped  central  station 
where  continuous  records  of  the  phenomena  may  be  taken.  After 
that  it  would  be  necessary  to  establish  one  or  two  subsidiary 
stations  for  usually  a  short  period  to  take  continuous  records  at 
other  properly  chosen  places.  It  would  then  be  possible  to  make 
surveys  of  the  country  and  correct  the  results  for  the  deviations  I 
have  spoken  of. 

At  present  there  is  a  station  in  the  Tnosvaal  purely  meteorolo- 
gioaL  Be  Been  have  at  Elmberley  a  meteorologioal  station  whence 
Mr.  Sutton  has  issued  a  number  of  papers  whidi  constituto  a  most 
valushie  oontribution  to  South  African  Meteorology. 

The  Impeiial  Government  had  a  very  completo  station  at  the 
Boysl  Observatory  m  which  meteorological  and  msgnetical  observa- 
tions were  taken  for  a  number  of  years  between  1840  and  1850. 
What  knowledge  we  have  of  the  daily  and  the  annual  variations  of 
the  meteorological  and  the  magnetic  elemento  for  this  part  of  the 
Ciolony  is  derived  irom  observations  taken  there. 

The  Oape  Oolony  has  never  supported  such  a  station,  which  is  a 
matter  for  wonder,  because  science  is  seldom  received  unsympatheti- 
oally,  unless  the  financial  state  is  bad,  and  since  the  demise  d  the 
Imperial  Government's  station  there  have  been  sevml  occasions  on 
which  the  Government  had  money  to  spend.  Agab,  Oape  Oolony 
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is  essentially  an  agricultural  oonntey,  and  the  study  of  inatocOTlogy 

}ias  for  tlie  agricultorisi  immeDBe  eooiUHiue  importance. 

The  Imperial  Government  has  been  often  urged  to  re-establish  its 
station  at  the  Cape  ;  such  an  event  is  now  impossible.  The  advent 
of  the  eleotrio  tram  has  made  the  Boyal  Obser\-atory  an  unsiiitable 
plaoe  for  such  work;  and  it  is  toatoely  dignified  on  our  part  to 
approach  the  Home  Authorities  on  snoh  a  local  matter,  whea  we 
have  done  nothing  ourselves. 

Perhaps  I  may  be  permitted  give  a  short  account  of  the  attempts 
which  have  been  made  to  get  the  Imperial  Grovernment  to  reopen  its 
station  here. 

The  British  Association  in  1887  reported  "that  the  establishment 
of  regular  magnetic  observatories  at  the  Cape  of  Good  Hope  and 
in  South  America  would  materially  contribute  to  our  knowledge  oi 
earth  magnetism." 

Again  in  1889  the  British  Association  reported  that  it  was  "  more 
than  ever  of  the  opinion  expressed  in  1887.** 

In  1891  the  British  Association  reported  that,  thanks  to  Sir  David 
Gill's  offer  of  hearty  co-operation  in  the  matter,  it  was  of  opinion 
that  at  last  the  station  was  to  be  re-established ;  unfortunately  the 
negotiations  fell  through. 

In  1898  the  International  Meteorologioal  Commission  approached 
this  time  the  Government  of  Cape  Gcdony  on  the  matter  through  the 
president  of  the  British  Association.  ^The  Govenmient  of  tiie  day 
expressed  their  sympathy,  bat  said  (he  time  was  nnsnitable  for 
taking  action. 

I  may  mention  that  the  appeal  to  Bonth  Ameiioa  fesnlM  in  the 
establishment  of  thiee  stations  by  the  Argentine. 

Still  another  attempt  has  been  made  to  persoade  the  OcJonial 
Qovemment  to  found  snoh  a  station.  The  need  is  greater  to-day 
than  ever  it  was;  and  in  1904  a  scheme  was  prepared  and  snhaiitted 
to  the  Qovemment  and  reoeived  sympathetieally  by  thorn.  The 
oj^nion  of  those  of  the  leading  magnetioians  of  the  world  'mbo  were 
consulted  was  entirely  is  favoor  of  it,  Dr.  Ij.  A.  Baoer,  of  Washing- 
ton, U.8.A.,  says  in  a  letter  on  the  matter : — 

**  In  setting  forth  the  impwtanoe  of  a  magnetie  survey  and  of 
magnetic  observatories  in  South  Africa,  it  will  not  be  amiss  to  call 
attention  to  the  plans — ^partly  in  preparation  and  partly  in  eteention 
— for  accomplishing  a  general  magnetic  survey  of  the  greater  portion 
of  the  ^obe  within  a  period  of  about  fifteen  or  twenty  years.  This 
will  necessarily  demand  the  active  eo-operation  of  all  civilised 
countries,  and  will  make  absolutely  necessary  the  establishment  of 
magnetic  observatories  in  weU-plaoed  localities  soch  as  yonis.*' 
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Dr.  A.  Schmidt,  of  Potsdam,  lays : — 

"  I  have  insisted  for  some  time  now  on  the  necessity  for  the 
establishment  of  a  magnetic  station  at  the  Cape,  and  I  propose  to 
address  the  International  Maf^netic  Congress,  whicli  meets  in  Inns- 
bruck this  year  (1905),  on  a  sciieme  of  my  own  in  which,  among  other 
things,  I  point  out  the  necessity  of  such  a  station  in  Cape  Colony." 

In  another  part  of  his  letter  Dr.  Schmidt  expresses  his  surprise 
that  Cape  Colony  has  not  at  least  one  first-class  meteorological 
station.  Every  European  state  —even  the  smallest  and  the 
poorest — has  such  stations,  and  everywhere  the  importance  of  a 
good  meteorological  station  is  recognised." 

It  would  only  weary  you  were  I  to  read  what  men  like  Lord 
Kelvin,  Sir  Arthur  Riicker,  Monsieur  Mascart,  Professor  Schuster 
and  Captain  Creak  have  said,  all  to  the  same  effect. 

Although  this  Colony  lacks  a  properly  equipped  station  suoh  as 
other  civilised  states  have,  yet  a  great  amount  of  valuable  Wdlc  has 
been  done.  I  had  intended  to  give  a  summary  of  tiii8»bat  that 
would  carry  me  too  far  and  try  too  mach  your  patience.  I  hope  that 
some  day  a  South  African  meteorologist  will  take  up  the  story  of  the 
work  in  that  rabject,  which  has  been  carried  out  by  observers  in 
Sooth  Africa.  I  myself  can  to-night  only  give  yon  a  roogh  outline 
of  what  has  been  done  ui  the  other  three  subjects  I  have  mentioned. 
Unfortunately  in  gravitation  and  in  atmospheric  electricity  the 
record  is  very  short  So  far  as  I  know  gravitational  observations 
have  been  made  only  at  the  Boyal  Observatory;  there  has  been  no 
attempt  at  a  gravitational  survey.  A  snxfaoe  survey  would  give  us 
much  valuable  information ;  and  in  Johannesburg  and  Eimberley  ii 
oould  be  supplemented  by  observations  at  considerable  depth  below 
the  surface. 

In  atmospheric  electricity  I  know  of  no  observations  other  than  a 
set  taken  by  Mr.  Lyle  at  the  Orey  College,  Bloemfontein,  and 
another  set  taken  by  Mr.  Logenuum  at  the  South  African  College  in 
Capetown. 

The  work  in  earth  magnetism  began  as  long  ago  as  1595.  In  that 
year  tiie  declination  was  observed  at  Mossel  Bay  by  iloutman  while 
on  a  voyage  to  the  East  Indies.  From  that  date  to  the  present 
time  observations  have  been  made  at  irregular  intervals  at  dififerent 
points  on  the  coast  from  Saldanha  Bay  to  Delagoa  Bay.  Observa- 
tions have  also  been  made  by  surveyors  in  different  parts  of  the 
interior.  Mr.  J.  J.  liosman  has  been  good  enough  to  supply  me 
with  a  list  of  these  ;  and  the  three  diagrams  you  see  here  represent 
the  magnetic  state  of  the  country  at  three  different  epoohs,  as  derived 
from  these  observations. 


Digitized  by  Google 


Tiii    TransaeHom  of  the  South  Afrioan  PkUoiopkieal  Sooidff. 


Mr.  Bosman  has  himself  made  a  number  of  observations  in  different 
parts  of  South  Africa,  chiefly  in  Bechuanalapd,  and  Mr.  i:ouroade 
has  made  observations  in  the  Knysna. 

I  have  already  referred  to  the  work  carried  out  at  the  Royal 
Observatory  between  1840  and  1850.  This  work  was  continued  by 
Sir  Thomas  Maclear  and  Mr.  Stone.    It  came  to  an  end  in  1869. 

Finally,  during  the  last  eight  or  nine  years  a  first  magnetic  suney 
of  Cape  Colony,  Natal,  the  Transvaal,  the  Orange  Kiver  Colony,  and 
parts  of  Rhodesia  has  been  made.  The  Portu<:uese  authorities  of 
Mozambique  have  also  made  a  beginuiug  with  a  similar  survey  in 
Portuguese  East  Africa. 

In  conclusion,  I  hope  that  you  agree  with  me  thftt  (here  are  many 
physical  problems  in  South  Africa  awaiting  solution,  and  that  you 
are  convinced  with  me  of  (he  necessity  for  a  permanent  physical 
observatory,  from  wliioh  the  woric  may  be  diveoted,  and  in  whidi  the 
obaemtioiis  for  ^  proper  ooneetkm  of  sunrey  reiiiltemay  be  made. 
It  has  too  long  been  a  repioaoh  to  South  A&ioa  that  the  ihamo^ 
study  of  sooh  problems  has  been  negleoted.  As  many  of  yon  ave 
doubtless  aware,  we  hope  soon  to  ofatam  a  Charter;  should  these 
hopes  be  realised,  the  Sodety  will  only  be  following  in  the  iool- 
steps  of  its  model  if  it  takes  np  the  problems  I  have  spoikeii  of 
to-night. 
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ObDINABY  AlOMULY  MeETI^'O. 

Oeiober  28, 1905. 
Dr.  J.  G.  Bmmm,  FXeddent,  in  (he  CShair. 

The  following  nominations  were  made  :  ISIr.  H.  Kynaston,  Trans- 
vaal Geological  Survey,  by  A.  W.  Rogers  and  L.  Pekinquby; 
Professor  R.  B.  YotrNO,  by  A.  Young  and  L,  rEuiNuuEY. 

Messrs.  A.  L.  Hall  and  T.  Lovbday  were  elected  Ordinary 
Members  of  the  Society. 

Mr.  L.  Pi^RiNGUEY  exhibited  some  stone  implements  and  read  the 
following  note : — 

While  boring'  for  water  in  the  Darling  District,  Mr.  H.  !M.  Oakley 
discovered  in  a  sand  drift  blown  away  by  the  wind,  what  appeared 
to  him  to  be  fossilified  bones  of  inamnials.  Mr.  Martin  Versfeld, 
the  owner  of  the  farm,  informed  him  tliat  while  busy  planting  some 
grass  to  tix  the  sand  he  had  unearthed  what  ho  thought  was  the 
skull  of  a  very  large  ox.  This  remnant  Mr.  Oakley  at  onoe  recog- 
nised as  being  similar  to  the  one  exhibited  in  the  South  Afrioan 
Museum,  and  deeoiihed  by  Seeley  under  the  name  of  Bubalus  baini. 
Nol  only  did  Mr.  OaiUey  oommunioate  at  onoe  this  discovery  to  the 
Mosenm  authorities,  but  he  also  was  instrumental  in  having  this 
most  interesting  relic  of  the  Tertiary  times  presented  to  the  Institu- 
tion by  its  owner,  Mr.  Martin  Versfeld,  of  Slangkop. 

Bnooozaged  by  his  find,  Mr.  Oakley  pozsued  further  investigations 
and  disoovered  in  tibe  immediate  vicinity  of  where  the  first  remains 
were  found  a  considerable  quantity  of  other  mammalian  relics, 
among  which  may  be  noted  the  upper  jaw  of  a  probably  new  horse, 
a  variety*  if  not  a  new  speoiee,  of  Bhinoceros,  Ac  These  remains 
are  being  investigated  by  our  colleague,  Dr.  R  Broom,  and  the 
geological  foundation  will  be  examined  by  Mr.  A.  W.  Bogers,  the 
head  of  the  Qeological  Survey,  as  soon  as  he  returns  from  up^tountry, 
at  or  about  Christmas. 

Interesting  as  Mr.  Oakley's  discovery  is  from  a  geological  as  well 
as  a  palsontological  point  of  view,  it  is  not  less  so  from  the  anti- 
quarian.  Mr.  Oakley  found  to  his  very  great  surprise  that  not  only 
were  some  of  the  bones  heaped  up  here  and  there,  but  also  that  they 
had  been  split  for  getting  at  the  marrow,  or  pounded  at  one  end 
when  too  large  for  being  easily  deft,  and  he  rightly  came  to  the 
conclusion  that  this  was  evidence  of  man's  agency.  Availing  myself 
of  his  guidance,  I  went  to  inspect  the  spot  in  company  with  Mr. 
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J.  M.  Bain,  and  we  found  the  denuded  part  of  the  dune  flprinkled 
here  and  there  with  a  considerable  number  of  minute  atooe  imple- 
ments, some  of  which  I  am  exhibiting  to-night.  No  laigo  ones  of  (ha 
paleolithic  type  were  met  with.  These  liliputian  implements  (some 
of  them  are  not  more  than  11  mm.  long)  must,  I  think,  be  taken  to 
have  been  arrow-heads  ;  the  others  are  plainly  knives,  and  to  those 
who  may  doubt  of  thoir  having  been  implements  at  all,  I  shrm- 
similar  knives  used  l)y  a  Inishman  to  carve  toy-liko  pieces  of  wood 
representing^  a  <4un  and  a  spade,  and  found  torfcther  in  a  kraantz  m 
Sutherland  among  ashes  and  other  debris.  The  cores  from  which 
these  py<^my  implements  were  made  were  also  found  in  situ.  Small 
scrapers  showing  secondary  chippings,  and  similar  to  those  met 
lately  in  the  Transvaal  by  our  colleague,  Mr.  J.  P.  Johnson,  were 
also  found.  But  if  we  did  not,  to  my  disappointment,  meet  with 
large  instruments  of  the  type  occurring  so  frequently  in  the  Stellen- 
bosch  and  Paarl  Districts,  we  found  tlie  niullers,  or  l)eaters,  with 
whicli  the  bones  have  been  crushed.  They  are  of  the  same  form  as 
those  found  in  other  middens. 

The  author  of  this  note  does  not  mean  to  imply  that  the  makers 
of  these  pygmy  implements  were  contemporaneous  with  Bubalut 
bainif  because  bones  of  other  living  animals  like  the  eland,  the 
sand-mole,  &c.,  are  also  to  be  found  in  that  deposit,  but  the  disooyery 
is  Buffioiently  important  to  be  brought  to  the  notice  of  the  Society. 

Professor  J.  C.  Bbattib  read  a  paper  on  "  AtmospherieBleclrioity," 
by  Messrs.  J.  G.  Bbattib  and  J.  Lna.  The  obsenratioDS  were 
carried  out  in  1902-8  by  Mr.  J.  Ly]e  in  Bloemfontein  for  a  year,  and 
by  Mr.  W.  H.  Logeman  in  Gape  Town  for  part  of  a  year.  The 
intention  was  to  find  what  relatioa,  if  any,  existed  between  the 
observed  Talnes  of  the  leak  of  electricity  as  measnzed  by  indiYidaal 
observations  with  an  Bister  Qeitol  dectroecope  and  simnltaneooaly 
observed  valnes  of  barometric  piessnre,  relative  humidity,  and 
temperature. 

The  ofaeervations  show  that  there  is  a  diminution  of  the  leak  of 
positive  and  of  negative  electricities  ivitfa  increamng  relative  hmnidifty 
except  when  the  relative  humidity  is  between  40  and  60  per  cent. 

Also  in  the  morning,  when  the  temperature  is  rising,  and  the  relative 
humidity  dropping  the  leak  of  negative  electricity  is  greater  than 
that  of  positive,  whereas  in  the  afternoons  with  the  temperatue 
falling  and  the  relative  humidity  increasing,  the  negative  leak  is,  as 

a  rule,  less. 

The  leak  of  electricity  increases  with  increasing  temperature  and 
decreases  with  decreasing  temperature,  the  maximnm  leak  being 
a  little  earlier  than  the  maiiiwum  temperature. 
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The  relations  between  huroraetric  pressure  and  leak  is  somewhat 
obscure  in  these  observations,  and  the  results  do  not  give  as  yefc 
a  dclinite  relationship  between  the  two. 

Daily  observations  have  also  been  taken  for  one  week  in  every 
three  months. 

A  communication  on  the  climate  of  East  London,  Cape  Colony, 
by  J.  R.  Sutton,  M.A.,  F.R.Met.S.,  was  read. 

This  paper  is  a  summary  of  the  meteorological  observations  made 
at  East  London  during  the  21  years,  1884-1904,  and  a  brief  dis- 
oiuaon  oomparing  the  resnltB  with  thoee  obtained  at  other  Btatione 
in  Soatfa  Afinoa. 

The  annnal  variation  of  beiometrie  preesare  is  of  the  same  oideir 
as  that  fonnd  eleewheie  in  the  coontry,  t.e.,  greatest  in  July  and 
least  in  January,  and  the  mean  annual  range  is  also  about  the  same 
as  it  is  at  Durban  and  Eimberley.  The  mean  pressoie  for  tiie  year 
is  aboat  80*08  inohes  with  a  total  known  range  of  29*8  inehes  to 
80*7  inohes. 

The  mean  maximum  and  minimum  temperatures  are  72*9  degrees, 
and  57*5  dsgrees  respeotirely.  The  highest  temperature  on  reooid 
is  106  degrees  (in  April),  the  lowest  86  degrees  (in  July).  February 
is  the  wannest  month,  July  the  ooldest,  but  the  days  in  September 
are  ooldeir  than  those  in  July  and  August,  although  the  nights  are 
warmer.  On  aooount  of  the  hot  winds  frequent  in  the  winter  half 
of  the  year,  the  mean  temperatures  during  the  day  are  .  very  little 
less  in  winter  than  they  are  in  summer,  but  the  winter  nights  are 
muen  colder  than  sununer  nights.  Hot  winds  generally  come  with 
a  low  barometer  from  some  inland  direction,  and  are  very  dry.  At 
East  London  they  are  confined  almost  entirely  to  the  hours  of  day- 
light, and  have  no  very  great  influence  upon  the  nocturnal  tempera- 
tures. They  have  also  a  semi-annual  period,  and  very  pronounoed 
ones  seldom  occur  either  in  summer  or  in  June  and  July. 

The  monthly  variation  of  cloiul  is  similar  to  that  of  Kimberley ; 
but  the  rain  comes  to  its  niaximinn  intensity  rather  earlier.  The 
clouds  pass  over  East  r>ondon  chiefly  from  the  south-west,  at 
Kimberley  chiefly  from  tlie  west.  Wind  and  clouds  at  East  fjondon 
during  rain  also  come  chiefly  from  south-west,  and  the  author  tinds 
nothing  in  them  to  give  any  colour  to  the  "south-easterly  rain- 
bearing  clouds"  myth. 

Emphasis  is  laid  upon  tlie  interesting  and  important  spell  of  low 
temperature  and  pressure  cliaiacteristic  of  the  middle  of  July,  which 
occurs  at  East  London,  just  as  it  piobably  does  everywhere  else  in 
South  Africa  at  the  same  time. 
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Obddiast  Monthly  Mbbtino. 
Ncmmber  29»  1905. 
Dr.  J.  C.  Bb&ttib  in  the  Chair. 

Messrs.  H.  Kynaston  and  Professor  B.  B.  Young  were  eiecleU 
Ordinary  Meniljers  of  the  Society. 

Mr.  L,  Peringuey  exhibited  some  fragments  of  Strand  Looper 
pottery,  the  rind  of  which  bear  a  series  o£  perforatious  ;  such  a  btyle 
of  ornament  was  not  known  hitherto. 

Mr.  K.  Ill  rcHiNs  read  a  paper  on  the  "  Cychcal  year,  1905,  and 
the  coming  season," 


Okdinaby  Monthly  Meeting. 
February  2S,'1S0(L 
Dr.  J.  C.  Bbattib,  PreeideDt,  in  the  Chair. 

Mr.  W.  A.  Galdboott,  Johannesboig,  nominated  by  W.  h. 
SoLATBB  and  L.  PABmauBT  as  Ordinaiy  Member. 

Mr.  A.  W.  BooBBS  exhibited  rook  speoimena  showing  the  oeenr- 
renoe  of  glaoial  beds  in  the  Giiqiia  Town  series  of  Hay.  Flattened 
and  striated  stones,  whose  peooliaritiee  ean  aft  present  only  be 
attributed  to  s^aoial  agendes,  ocomr  in  hard,  fezmginoQS  rook  near  tiie 
top  of  the  Griqna  Town  series  in  Hay.  They  are  of  ▼ariooa  siaee, 
bom  an  inoh  or  two  np  to  18  inches  long.  They  oonsist  of  ohert ; 
a  few  grit  pebbles  are  found,  but  as  yet  no  granites  or  other  igneoos 
rocks  are  known  from  those  beds ;  some  hollows,  now  partly  filled 
with  ^eottlar  iron,  may  represent  limestone  fragments.  Tiie  boulders 
are  scattered  at  wide  intervals  through  the  matrix  in  most  naoes, 
thf  iiu'l)  LTvavelly  grits  also  occur. 

The  glacial  beds  have  been  found  at  widely  separated  places  in 
Hay ;  along  both  the  east  and  west  sides  of  the  Ongeluk  syncline, 
near  the  Ylak  Fontein  syncline,  the  Lucas  Dam  syncline,  and  the 
Jnanana  syncline ;  in  every  case  within  30  feet  or  so  of  the  base  ol 
the  volcanic  rocks  overlying  the  Griqua  Town  series. 

Mr.  A.  L.  I)u  ToiT  read  a  paper  on  "  Under  Water  in  South- 
Eastern  Beclmaiialai)d."'  The  term  South-Eastern  Bechuanaland  is 
used  as  includin^^  the  divisions  of  Mafukiii-^^  and  Vryburg  as  far  west- 
wards as  Kurunian.  The  country  is  gently  undulating  and  fairly 
well  wooded,  although  there  is  httle  or  no  running  water.  Supplies 
are  obtained  chiefly  from  wells,  sometimes  from  dam».  Wator 
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peraolates  below  tiie  sand  in  Ike  bed*  of  the  ziven,  and  ean  be 
leooveied  by  making  shallow  pits. 

Water  accumulating  in  the  soil  tends  to  move  towards  lower  levels 
and  18  influenced  hy  topographical  featniee,  dykes,  fissures,  &c. 
Pant  and  patches  of  soil,  covered  by  calcareous  tufa,  are  firat-rate 
plaoee  at  which  toaink  weUa.  The  underlying  formation  ia  important 
in  connection  with  nndeqpNmnd  storage. 

Granite  and  gneiss  are  uncertain  rooks  in  which  to  sink,  though 
sometimes  they  afford  excellent  supplies.  The  diabase  comes  next 
in  water-bearing  capacity,  but  the  dolomite  formation  of  the  £aap 
Plateau  is  certainly  the  finest  water  carrier. 

Of  the  other  factors  upon  which  the  accumulation  of  water 
depends,  the  most  important  is  the  rainfall.  This  varies  from  15 
to  26  inches,  and  takes  place  in  the  summer  months;  practically 
none  of  the  water  reaches  the  sea  directly. 

The  proportion  absorbed  depends  upon  the  porosity  of  the  soil 
and  the  duration  of  the  periods  of  rainfall ;  the  losses  are  caused  by 
evaporation  from  the  surface  and  through  capillary  action,  and  owing 
to  transpiration  by  plants. 

In  years  of  ordinary  rainfall  the  additions  to  the  soil  must  just 
balance  the  quantities  lost,  and  it  is  only  when  tlic  rainfall  is 
abnormal  that  the  level  of  the  ground  water  is  i)ern)anently  raised. 
When  artificial  openings  are  made  the  soil  experiences  a  certain  loss 
which  may  not  be  made  good  afterwards,  and  the  wells  have  to  be 
deepened  until  they  attain  their  limiting  depth.  Boreholes  can 
be  need  to  drain  the  greater  depths,  bat  no  advimtaga  will  be  gained 
by  going  down  more  than  a  few  hundred  feet. 

There  are  no  localitiee  where  large  artesian  sapglaM  ean  be  readily 
obtained.  In  some  of  the  valleya  aobsarfaee  dams  ean  be  adopted 
aoooeeafoUy.  Ebr  ocdinary  reqnirementa  there  is  plenty  of  water 
at  the  preeent  time,  but  oare  ahoold  be  taken  that  too  great  a  drain 
ia  not  made  upon  the  natoral  reeouroea  of  the  oonntry . 

A  paper  by  Dr.  Thob.  Mum,  **  ASetof  LinearBqnationaoonneeted 
with  Homoloeal  Snrfaeei."  waa  read. 


Okdinaby  Monthly  Meeting. 

Manh  28, 1906. 

Dr.  J.  C.  Bbattib,  President,  in  the  Chair. 

Mr.  £.  T.  Mbllob  was  nominated  aa  an  Ordinary  Member  by 
Messrs.  A.  W.  Boonns  and  A.  L.  nu  Ton. 
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lar  TransaeUoiu  of  the  SoiUh  African  PkUotophioal  Society. 


Mr.  W.  A.  Caldecott  was  elected  an  Ordinary  Memlier. 

Professor  H.  H.  \V.  Pearson  gave  a  short  account  of  the  trend  of 
modern  niorpholojj;ical  research  on  the  surviving  men)bers  of  the 
ancient  group,  tlie  Cycads.  The  relationshij)  of  the  group  to  the 
Ptcridopliytawii'i^  discussed  and  microscopic  slides  showing  ((/)  pollen 
tubes,  (h)  the  ciliated  spermatozooid,  (c)  the  Karyokitiesis  of  tht 
nucleus  of  tlic  central  cell  of  the  archegouium  prior  to  the  formation 
of  the  canal-cell  nucleus,  of  Encephalartos  AUtenstcinii  were 
exhibited.  A  specimen  of  Stangeria  paradooea  with  an  apogeotropic 
root  and  a  microscopic  section  showing  the  endophytic  "  Nosioc " 
wei8  also  shown.  The  speeimens  exhiUtod,  and  those  from  whieh 
the  mieroscopic  preparatioiis  were  made  were  presented  by  Miss 
Alios  Pegler,  Miss  A.  W.  Tanker,  and  Mr.  J.  Ghalwin,  to  whom 
acknowledgments  were  expressed. 

Mr.  G.  H.  H.  FtNOHAM  read  a  eommnnication  "  On  the  Nature  of 
EfEset  of  the  Bon-spot  Frequeney  on  the  Variation  of  the  Magnetio 
Elements  at  the  Gape  of  Good  Hope."  By  a  oonsideratlon  of  Sahine's 
observations  at  the  Gape  of  Good  Hope  obtained  in  1842-4^  it  is 
shown  that  the  sum  of  the  snn-spot  e£feot  on  the  deolination  is  a 
maTrimnm  in  w^ter;  the  same  result  was  found  for  the  horiaontal 
intensity. 

Obdinabt  Monthly  Mbbtimo* 
25, 1906. 

Dr.  J.  C.  Beattie,  President,  in  the  Chair. 

Mr.  W.  T.  Saxton,  Gape  Town,  was  nominated  as  Ordinary 
Member  by  Professor  H.  W.  W.  Peakson  and  Dr.  J.  C.  Beattie, 
and  Messrs.  W.  A.  Hukphbbt,  Pretoria,  £.  Jobissbn  and  G. 
Sandbebo,  Johannesburg,  by  Dr.  8.  L.  GoBSiOBPHOfB  and  L. 

PiBINGUEY. 

Mr.  E.  T.  Mellor,  of  Pretoria,  was  elected  an  Ordinary  Member. 

Mr.  L.  Pekinouey  read  a  paper  "  On  the  Round  Perforated  Stones 
(Tikoe),  alleged  to  have  been  made  by  Bushmen  for  the  pui-j)ose  of 
giving  weight  to  the  '  Kibi '  or  Digging  Stick,"  That  some  aborigines, 
Bushmen  or  Hottentots,  made  use  of  these  stones  for  the  aforesaid 
purpose  was  now  proved.  Although  Kolben  did  meutiou  the  digging 
stick  as  a  part  of  the  Hottentot  household  utensils,  lie  never  said 
anything  about  the  perforated  stone  being  used.  SpaiTmann,  how- 
ever, does  so.  Then  follows  Burchell,  who  figures  the  Tikoe  and 
the  Kibi.  Livingstone,  in  his  last  Journal,  gives  evidence  on  the 
subject,  but  quotes  from  memory.    In  the  hgures  given  by  bim  the 
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stone  is  •  flat  disk.  That  the  stones  were  used  for  the  alleged 
pnipose  by  some  abongineB  is,  however,  made  now  olear  by  Bosh- 
man  paintings,  traoiiigs  of  whioh  were  exhibited  by  permissioii  of 
Professor  Young,  of  Johannesboig.  The  aborigines  are  vq^sented 
with  the  sticks  and  stones  going  a  digging,  both  sexes  being 
delineated.  In  other  drawings  some  mythical  figures  were,  how- 
ever, using  these  stones  as  club-hetMU.  The  author  contended  that 
altiiongh  put  to  that  twofold  purpose  it  did  not  follow  that  the 
stones  had  been  perfoirated,  in  the  manner  they  have,  for  these  two 
special  purposes.  The  great  diversity  of  these  perforated,  partly 
perforat-ed,  or  not  perforated  spheres  or  disks  precluded  the  possi- 
bility of  many  of  them  having  been  intended  for  a  usage  of  this 
kind,  some  were  much  too  largo,  others  too  small  or  too  thin.  The 
mode  of  perforation,  however,  remains  the  same  in  a  spheroid 
4  or  5  inches  thick  as  in  an  ostrich-shell  discoidal  bead.  Instead  of 
being  merely  perforated  on  one  side,  even  the  tiniest  beads  are  bored 
on  each  side  by  means  of  minute  riramers  (12  mm.  long),  which 
were  exhibited.  The  larger  boring  tools  or  rinnners  also  exhibited 
could  not,  with  perhaps  the  exception  of  one,  have  been  really  used 
for  that  purpose.  Moreover,  tiiese  perforated  stones  occur  not  only 
in  South  Africa,  but  also  in  Central  Africa.  He  exhibited  one  that 
came  from  the  Atacuma  desert  in  Chile  and  which,  but  for  the 
texture  of  the  stone,  which  was  lava  from  the  Andes,  might  be 
alleged  to  come  from  any  part  of  the  Cape  Colony.  Absolutely 
similar  stones  were  in  use  among  the  aborigines  of  some  parts  of 
New  Guinea.  These  perforated  stones,  the  mode  of  attachment 
of  stone  implements,  the  resemblance  in  Bushman  and  AustraUan 
mythology  are  point  of  resemblance  between  the  aborigines  of  Africa 
and  Polynesia  ^^ch  are  not  to  be  lightly  passed  over.  He  came  to 
the  oonehislon  tiial  the  maimer  in  whioh  these  stones  are  pierced, 
and  the  rinders  used,  are  derived  from  an  nnoonsoioas  tradition  of 
the  emblems  of  phallio  worship.  If  this  eonchision  is  a  oorreot  one, 
tt  might  point  towards  the  unity  of  the  hnman  family,  and  its 
dispersion  from  a  oommon  oentre* 


Obdihabt  HomtrxiT  Mbbtiho. 
Afay  SO,  1906. 

Dr.  J.  C.  Bbattie,  President,  in  the  Chair. 

Messrs.  W.  T.  SAnov,  Br.  W.  A.  Humphbbt,  B.  JoBnami,  and 
D.  G.  SiJiDBBBO  were  elected  Ordinary  Members. 
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Dr.  J.  0.  BB4Tm  showed  flpeoimont  of  common  gtm  oolonied  by 

tunshine. 

Mr.  L.  PiBiNGUEY  read  a  note  "On  Rock  Etchings  of  Animals, 
&o.,"  the  woA  of  South  African  aborigines,  and  their  relation  to 
similar  ones  found  in  Northern  Africa.  He  exhibited  speoimens  of 
the  etohingSi  And  soveral  photographs  and  impressions.  These 
etchings  are  not  nncommon  along  the  Orange  River,  also  the  Vaal 
River,  in  the  Asbestos  Mountains,  and  other  parts  of  the  Colony, 
Beaufort  West,  Glanwiiliam,  Humansdorp,  &c.,  also  in  the  Trans- 
vaal, and  he  proceeded  to  compare  these  with  etchin^^s  of  a  similar 
nature  discovered  and  reproduced  by  the  Geological  Survey  of 
Algeria.  There  the  workmanship  is  of  two  kinds.  The  first  kind 
is  of  very  great  antiquity,  because  among  the  representations  are 
those,  among  others,  of  an  extinct  Buffalo  of  gigantic  size,  the 
nearest  living  ally  of  which  is  the  Ami,  or  Indian  Buffalo.  This 
animal,  known  under  the  name  of  Bubalus  antujitus,  is  probably 
identical  with  the  one  found  in  South  Africa,  and  both  may  be  the 
same  as  Bubalus  palceindicm,  of  Falconer.  Anyway,  both  are 
species  found  in  the  Pleistocene.  As  it  is  impossible  to  admit 
that  an  artist  might  have  by  pure  chance  depicted  an  animal 
which  no  longer  existed  at  the  time  he  figured  it,  we  have  to 
conclude  that  these  artists  were  contemporaneous  with  the  animal. 
The  South  African  "rupestres"  consist  of  picking  Instead  of  line 
drawings,  and  are  thus  somewhat  similar  to  the  second  category  of 
North  Afrioftn  etchings,  which  represent  non-exlinel  Miimriii,  and 
are  thought  to  have  been  the  maik  of  a  Lybloo-Berfoer  race.  Berth, 
in  his  travels  In  Ihe  Soudan,  teoorded  as  baek  as  1857  ekthings 
on  rooks,  and  they  xemind  one  of  the  mythioal  soenea  ol  Bnahman* 
paintings.  Stowe  divides  the  Bushmen  into  two  groups,  the 
sculptors  and  the  painters,  but  it  is  quite  possible  thai  both  the  arts 
were  known  or  practised  at  the  same  time  and  by  the  same  peopleu 
The  paintings  would  have  decayed,  the  etdiings  remahied  well*nigb 
imperishable.  We  have  no  evidenoe  of  rook  etohings  being  made  ol 
late  tunes,  but  we  have  evidenoes  of  rook  palntfaigs  hiding  besn 
made  quite  lately.  The  patina  of  some  of  these  loek  etehings  ooidd 
have  been  obtained  through  untold  years  only.  Thus  the  raoe  was 
very  anoient  indeed.  It  murt  be  remembered  also  in  oooneetion 
with  the  etchings  that  we  have  evidence  all  over  South  Afrioa  of  a 
paltBolithic  age  whioh  cannot  be  attributed  to  the  Bushmen,  and 
which  finds  its  exact  oounterpart  in  North  Afrioa  and  also  in  the 
Congo  region. 

Dr.  H.  M.\BLOTR  read  a  paper,  "  Observations  on  the  Functions  of 
the  Ethereal  Oils  of  Xerophytio  Plants."   Since  the  observations 
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01  TynM  m  the  gnat  dislheniuaMy  of  IhwapoozB  of  elli6X6«l  oils, 
many  blologiste  think  thai  fiie  main  fonotkm  of  tiieBe  oils  is  to 
pcodnoe  a  pioteotiTB  atmosphore  anmnd  tin  planto,  thereby  re- 
ducing their  tiaupbation.  If  that  irere  the  ease,  one  wonld  expect 
that  the  excretion  of  oiIb  should  be  largest  in  the  driest  season  and 
the  hottest  part  of  the  day.  But  just  the  reverse  is  the  ease,  for 
many  aromatic  plants  do  not  betray  their  presenoe  at  soch  times, 
while  the  atmosphere  beoomes  filled  with  their  aroma  during  foggy 
weather.  Such  plants  are  many  ButaceaB,  Composites  (wormwood), 
Umbellifern  (Bobon),  Palargonium,  and  even  the  Ehenosterbush. 
These  faots  are,  however,  in  perfect  accordance  with  the  view  that 
the  oils  are  a  protection  against  the  attacks  of  herbivoroos  animals, 
especially  also  against  snails  and  slugs,  which  appear  only  during 
wet  weather. 


Obdinabt  Monthly  Mbbtimo. 
Wednndaif,  June  27, 1906. 
Dr.  J.  D.     GnicmaBT  in  the  Chair. 

Miss  A.  V.  DuTniK  was  duly  nooodnated  as  an  Ordinary  Member 
by  R.  Broom  and  L.  Peking uey. 

Dr.  J.  D.  F.  Gilchrist  presented  a  paper  on  "  Opisthobranchiata 
of  South  Africa,"  by  Professor  Berg,  of  Copenhagen,  containing  a 
description  of  forty  new  species,  of  which  several  represented  new 
genera.  The  eoHeetion  had  been  made  by  the  Cape  Gk>yemment 
steamer  and  in-shore  coQeoting.  Both  Tectihranchs  and  Nndifaranchs 
were  well  represented.  Among  the  former  are  eight  new  spedes  of 
Apiysia.  The  general  difflsrenoe  between  the  famuk  of  the  Bast  and 
West  Ooast  was  very  marked  in  this  groop  of  marine  animals,  the 
region  west  of  the  Gape  Peninsula  having  forms  of  nartfaem  character, 
thoo^typioaUy  trqpieal  forms  oINndibcanohs  are  not  wanting.  The 
region  to  tiie  east  of  tlie  Cape  of  Good  Hope  has  more  of  a  tropieal 
Indian  oharaoter. 

Dr.  K  BaooM  oonmranicated  five  papers,  four  of  whicih  were  taken 
asssad: — 

(1)  **0n  the  Barly  Development  of  the  Appendioolar  EUuleton  of 
the  Ostrich,  with  Bemarks  on  the  Origin  of  Buds."  Itwas 
shown  that  in  the  eariy  embryo  there  are  three  well-developed 
toes  and  two  others  somewhat  rudimentary.  In  the  pelvis 
the  pubis  and  ischium  are  dieted  downwards  and  united  by 
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pro-cartilage.  In  the  wing  there  are  evidences  of  four  digitei 
The  author  holds  that  birds  are  descended  from  bipedal  lepfcilM 
80iiiewh«k  intermediate  in  type  between  the  Pteioeaim  and 

the  oamivorotis  Dinosaurs. 

(2)  Note  on  the  Lacertilian  Shoulder  Girdle."  It  is  held  that 
all  the  various  cartilaginous  and  bony  bars  found  in  front  of 
the  shoulder  girdle  are  merely  parts  of  the  true  scapula  and 
coracoid,  and  that  there  is  no  evidence  of  any  precoracoid  or 
epicoracoid  elements,  as  is  usually  held.  In  the  chameleon, 
which  has  no  clavicle  or  collar-bone  in  the  adult,  a  small 
clavicle  is  shown  to  be  present  in  the  embryo. 

(8)  "On  some  Little-known  Bones  in  the  Mammalian  Skull." 
A  considerable  number  of  bones  which  are  typically  present 
in  the  reptilian  skull,  but  which  are  not  generally  recognised 
as  occurring  among  mammals,  are  shown  to  be  occasionally 
present.  The  bones  recognised  are  septoraaxillary.prevonier, 
prefrontal,  postfrontal,  postorbital,  and  quadrate. 

(4)  On  a  New  Cynodont  Reptile  from  the  Molteno  Beds  of 
Aliwal  North."  A  description  is  given  of  a  new  Cynodont, 
the  first  reptile  that  has  been  discovered  in  the  Molteno  beds. 

(5)  **0n  a  New  Bhynohocephalian  Beptile  from  the  Upper 

Beanlort  Beds  of  Sontli  AMoa.'*  A  deaoription  is  given  of  a 
lower  jaw  of  a  small  leptile  allied  to  Homaoiomm*  TbSM  ia 
the  oldest  true  Bhynehooej^ialiaii  known. 

"  Notes  on  Sooth  Afriean  Cycads,"  by  Profeeaw  H.  H.  W.  Fnaaov, 
were  lead. 

A  number  of  field  observations  upon  Eneephaiartoi  Fridtnei- 
OuUiehiU,  Lehm.,  E,  ViUonu,  Lehm.,  E,  AUeiutemU,  Lshm.,  and  a 
species  d  SUm^ria  am  recorded. 

Evidence  in  support  of  the  insect  pollination  ol  E»  ViUotm  is 
adduced.  It  is  pointed  out  that  in  J9.  EHieM-GwiUdmi  and 
E,  AlU/ntUimii  the  cones  are  laterally  placed  and  the  growth  of  the 
stem  is  therefore  monopodial— not  sympodial,  as  is  usually  stated. 
The  importance  of  subterranean  branching  as  a  means  of  vi^getative 
reproduction  in  8Umgma  and  in  E,  FrtdeHci-ChUlidmi,  and  ite 
similarity  to  the  ^fpc  of  vegetative  reproduction  which  prevaHs 
in  the  Ferns,  are  discussed.  Tlie  influence  of  external  conditions, 
particularly  of  sunlight,  upon  the  production  of  cones,  is  considered, 
and  it  is  concluded  that  these  conditions  react  on  the  Cycads  in  the 
jNune  manner  us  on  many  of  the  higher  flowering  plants. 
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Annual  Gsnbbal  Mnbtino. 
August  9,  1906. 

Dr.  J.  C.  Beattie  in  the  Chair. 

The  SiccHh^TABY  and  the  Ti^easubeb  read  their  Beports  for  the 
year  1905-1906. 

Bbpobt  of  Siobbtabt. 

Nine  Qidiiiazy  Meetings  and  one  Qeneral  Meeting  have  been  held 
dozing  the  year. 

A  leetnie  on  the  Zimbabwe  Bnins  was  deliTored  by  Mr.  B.  N. 
HaiiL,  under  the  anspioes  of  the  Sooiety. 
Papers  have  been  xead : — 

J.  0.  Bnattib  and  J.  Lna,  on  '*  Atmospherio  Eleetridty." 
J.  B.  Sutton,  on  *'  The  Olimate  of  East  London." 
E.  HuTOBiNB,  on  "The  Oyolioal  Tear,  1905,  and  the  Ooming 
Season." 

A.  L.  DU  ToiT,  Undergioand  Water  in  SoutiirBasteni  Beohnana- 
land." 

Taoe.  Mum,  *'  A  set  of  linear  Equalions  oonneeted  with  Homo- 
foeal  Snrfaees." 

G.  H.  H.  FiNCHAM,  on  "  The  Nature  of  the  EfTeot  of  the  Son-spot 
Reqnenoy  on  the  Variation  of  the  Magnetic  Elements  of  the  Oi^ 
of  Good  Hope." 

L.  P^RiNOUNT,  on  "  The  Bound  Perforated  Stones  (Tikoe)  alleged 
to  have  been  made  by  Bushmen  for  the  purpose  of  giviog  weight 
to  the  '  Kibi,'  or  Digging  Stick." 

L.  P6RIN0UEY,  on  "  Bock  Engravings  of  Animals,  &c.,  the  Work 
of  South  African  Aboriginals,  and  their  relation  to  similar  ones 
found  in  Northern  Africa." 

E.  Mahloth,  "  Oh>;ervatioiiS  on  the  Functions  of  the  Ethereal 
Oils  of  Zerophytic  Plants." 

R.  Beuo,  "  Opisthobranchiata  "  of  South  Africa. 

R.  Bkoom,  on  "The  Early  Development  of  the  Appendicular 
Skeleton  of  the  Ostrich,  wtih  remarks  on  the  Origin  of  Birds," 

R.  BiiOOM,  "  Note  on  the  Lacertilian  Shoulder  Girdle." 

R.  Baoom,  on  "  Some  Little-known  Bones  in  the  Mammalian 
Skull." 

R.  Broom,  on  "  A  New  Gynodout  Reptile  from  the  Molteno  Beds 
ol  Aliwal  North." 

R.  Bhoom,  "  On  a  New  Rhynchocephahau  Rej)tile  from  the  Upper 
Beaiifpi't  Beds  of  South  Africa." 
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T.  Mum,  "The  Expression  of  Cerfeaiu  Symmetrio  Eunotions  as 
an  Aggregate  of  Fractions." 

H.  H.  W.  Pkakson,  "  Notes  on  South  African  Cycads." 

P.  Cameron  (a),  Description  of  some  New  Species  of  Hymen- 
optera;  (6),  on  "  Hymenopterous  Parasites  of  the  Mealie  Stalk 
Borer,  Sesamia  fusca;  (c),  on  "Two  Species  of  Iciiueumouidai 
Parasites  of  the  Codhng  Moth  in  Cape  Colony." 

L.  P^BiNQUBT,  "Descriptive  Catalogue  of  the  South  African 
Coleoptera  (Cetonids). 

Lu  FiBmausT,  "  The  Stone  Implements  of  South  Africa." 

Two  of  tliMd  papers  aie  still  in  iiie  hands  of  lih«  SeoretaKy  so  as 
not  to  unduly  inflate  I3m  panting  account  of  the  year.  The  others 
are  being  printed,  or  are  by  this  time  hi  the  hands  of  the  printers. 

Boring  the  year  the  Society  has  issned  parte  6  of  VoL  XV.; 
parts  1  and  2  of  Vol.  XVL,  making  411  pages  and  8  plates ;  part 
8  of  the  same  volume  is  shortly  ezpeoted. 

Sixteen  members  have  resigned  their  membership ;  2  have  left 
no  address ;  10  have  been  removed  from  the  list  ovrang  to  long 
arrears  in  the  payment  of  their  yearly  snbeoriptions;  .  we  have  lost 
1  by  death.  Against  this  rednotion  of  S6  names,  18  new  members 
have  been  eleoted  dnring  the  year,  and  the  Members'  Boll  now 
consists  of  214  names. 

From  the  Treasorer's  Beport  it  will  be  seen  that  mainly  owing 
to  the  large  amonnt  received  from  the  sale  of  pnblioations 
(£76  12s.  2d.),  the  receipts  of  the  year  (£378  16s.  8d.)  cover  the 
ezpenditore  (£382  14s.  8d.),  but  the  printing  aooonnt  for  the 
incoming  year  wUl  prove  to  be  a  very  heavy  one. 

Dr.  J.  C.  Beattib  was  elected  President  for  the  year  1906-1907. 

Professor  L.  Crawpobd,  Rev.  Dr.  W.  Flint,  S.  S.  Hough,  Dr.  R. 
Marloth,  and  A.  W.  Boamis  were  eleoted  members  of  the  Ck>unoU 
for  two  years. 

Dr.  J.  C.  Beattie  read  his  Presidential  Address  on  "  Physical 
Problems  in  South  Africa." 

The  Annual  Meeting  resolved  itself  into  an  Ordinary  Meeting. 

Miss  A.  V.  DuTHiE,  of  Steiieubosch,  was  elected  an  Ordinary 
Member  of  the  Society. 

Mr.  C,  W.  HowAKD,  of  Pretoria,  was  nominated  an  Ordinary 
Member  by  M.  Wilman  and  L.  P6ringuey. 

The  Presidbmt  gave  notice  that  at  a  Special  Meeting  to  be  held 
for  the  purpose  a  proposal  will  be  made  to  alter  the  Bnka  of  the 
Society  when  the  latter  reoeivea  its  CQiarter. 
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LIST  OF  MEMBEES, 

For  year  etidiiuj  Jam  30,  1906. 


MEMBEBS  OF  COUNCIL. 


Bkattik,  J.  C,  Brmimt. 
Crawford,  L. 
FUNT,  Wm. 

QimuiuiWy  J«  D.  F. 
QnXi,  Sib  Dayid. 


MonmsoK,  J.  T. 

PBAB80N,  H.  H.  W. 

FiBUnUBV.  L.,  Secretary. 
LODIIUUBT,  0.  P. 

8oL4nB,  W.  L. 


HONORABY  BIEMBEBa. 

1897  PiBK,  Rev.  Q.  H.  R.,  c  j  1900  Sxblky,  Pr../.    H    G.,  VJL8^ 

Church  House,  dipt-  Town.         '  King's  College,  London. 

1897  TaniEN,  li.,  F.It.S.^  Ovingdean,  i  1905  Lord  Milmxb,  Brooke's  Clab, 
Surbiton,  Surrey.  |  London. 

1906  A.  BAvnuT,  6,  PIma  MadMU,  Borne. 


OBDINABT  MEHBSBS. 


1897  Alston,  E.  G.,  Koodepoort,  O.R.  C. 
1901  Alston,  J.  A.,  MM.C.S.,  Union 

Street,  Oape  Tofwn. 
1890  AmgUett*  O.  T.,  Studaid  Benk, 

Cape  Town. 
1901  Anderson,  A.  i.,M.A.tM.Ji.t  Medi- 

eel  OflBoer  of  Health*  Oepe  Town. 
1886  Andecson,  T.  J.»  M,L,A,,  Oepe 

Town. 

1900  Anderson, Wm.,Great King  Stnet, 

Edinburgh. 
1077  Afdene,  H.  M.,  The  HUl,  COave- 

mont,  C.  C. 

1904  Arderne,  11.  R..  Arderne's  Build- 
ings, Cape  Town. 

1909  BaeUioiise,  J.  S.,  B,A.,  PnUio 
Works  Department,  Cape  Town. 

1897  Barker,  C.     Bovnhun,  lialvecn. 


1901  Baxter,  W.,  .1/..^.,  South  African 
College  School,  Cape  Town. 

1899  Beard,  Heriiert  B.,  BJl^  Wood- 
side,  Wynberg,  C.  C. 

1897  Beattie,  J.  C,  D.Sc,  F.n.S.F.., 
South  African  Collie,  Cape 
Town. 

1882  Beck,  J.  H.  M. ,  .V.  D.  ,Tulbagh,C.C. 

1904  Becker,  H..  .M.D.,  F,LJS.,  Ot»- 

hani's  Town,  C.  C. 
1901  Benjamin,  L.  E.,  B.A.,  LL.B., 

OepeTonn. 
1899  Berry,  Hon.  Sir  Wm.  Bisaet,  MJ>., 

Houses  of  Farliamen^  Oepo 

Town. 

1894  BeBt4,  Rev,  W.,  Stotterhehn,  O.  O. 

1905  Bodong,  A.,  Beira. 

1«77  Bolus,  H..  D.Se^  FO^S^  KtoO- 
worth,  0.  0. 
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1897  Braans,  J.  H.,  M.D,,  PKD,, 

Willowmore,  C.  C. 
1908  Brink,  A.,  P.O.  Box,  616,  Kim- 

INCNJP* 

I960  BnoiB,      JfJ)..  B^c,  Tifltarift 

College,  Stellenbosch,  C.  C. 
1904  Brown,  A.,  M.A.,  South  Alrioan 
CoUe^e,  Cap«  Town. 

1904  Brown,  W.  H.,  Ondoek. 

1877  Bndianan,  Hon.  8kr  Jolm,  OI«n- 
mont,  C.  0. 

1905  Bort-Davj.  J.,  F.US.,  Agriool* 

tanl  DoparfaaMiit,  Johuuiw* 
hang* 

1906  Caink.  F.  O.,  Town  HoQM,  King 

William's  Town. 
1906  CaldecoU,  W.  A.,  B.A.,  Box  1167, 

JohaanMbofg. 
1903  Caley,  R.,  Fort  Beaufort,  C.  C. 

1908  Campbell,  S.  O.,  Af.Z).,  Dorbftn, 

Natal. 

1906  Ooiiildi-Boiite,  A.  H.,  Snmyor- 

Oeneral'g  OfBm,  daft  Town. 
1896  CharchiU,  F.  O.  F.«  WmHinidfclft, 

Natal. 

1899  Clark,  G.  M.,  M.A.,  A.M.I.C.B,, 
IMtlontoin,  Klarbdorp,  Tnuu- 

vaal. 

1901  Colson,  K.,  Lydenburj,',  Transvaal. 
1896  Cooper,  A.  W.,  Kichmond,  Natal. 
1806  Contorphine,  O.  S.,  B.Se.,  Ph.D., 

P.O.  Box  1,167,  Johannesburg. 
1806  Cowper,  Sydmy,  CJtf.O.,  Cape 

Town. 

1901  Cox,  J.  H.,  J/.i2.C.6.,  Cape  Town. 
1901  Onlg,Wl]]iam,ilJtf.I.C.S.,PaUio 

Works  Dept.,  Cape  Town. 
1899  Crawford,  Linvronce.  .1/,^.,  D.Sc, 
Sooth  African  College,  Cape 
Town. 

1896  Ongoo,  J,  P.,  P.O.  Bos  1,490, 

Johannesburg. 

1906  Denham,  J.,  Hallway  Department, 
Cape  Town. 

1906  Dowar,  W.  B.,  AgrioaUosal  De- 
partment, Graham's  Town. 

1909  Dinter,  Kurt,  Windhoek,  Oerman 

S.W.  Africa. 
1890  Dodda^  W.  J.,  M.D.,  Yalkaobarg, 

Ifowbray,  C.  C. 
1909  Dodt,  J.,  Muaaom,  BloemfonteiD, 

0.  R.  C. 

1896  Drege,  J.  L.,  Port  Elisabeth,  C.  C. 
1901  Dwyiv,  F.    O.O.B.,  Oaya  Town. 


1903  Dyer,  B.,  Library, Kimberley.C.C. 
1877  Ebden,  //.)».  A  ,  Rondebosch,  C.  C. 

1895  Evans,  M.  a,  Durban, 

Mali]. 

1880  Fkixbridge,  W.  O.,  198,  Long- 

market  Street.  Cftpe  Town. 

1899  ielthiun,  H.  L.  L.,  P.O.  Box  46, 

Jolmnuesburg. 

1900  FIndlay,  F.  N.  B.,  BoataDlmig, 

Transvaal. 
1892  f  letcher,  W.,  Batal  Bivar,  Cale- 
don,  C.  0. 

1901  Flint,  Itev.  Wm.,  D.D.,  Boaa> 

bank,  C.  C. 
1906  Ffolliott  Darling,  Job., 
Salisbury. 

1901  Fourcade,  ii.  G.,  Storms  River, 

Knyana*  0.  0. 
1906  Fnnoa,  E.,  M.B.,  South  African 

Association  Building,Cape  Town. 

1898  Fry,  Harold  A.,  P.O.  Box  46, 

Joliannesbafg. 

1899  FoDer,  C,  F.E.8,,  Agriealtmml 

Dept.,  MaritzburfT. 

1896  Fuller,  E.  IJuniard,  .U.ii.,  Church 

Square,  Cape  Town. 

1904  Galpin,  B.  B.,  F.L.8.t  QaMns* 

town,  C.  C. 
1806  Gilchrist,  J.  I).  F.,  M.A.,  B.Sr., 

Ph.D.,  South  African  Museum, 

Cape  Town. 
1879  QiU,  Sir  David,  K.C.B.,  LL.D,, 

F.R.S.,    Royal  Obmnratoiy, 

Cape  Town. 
1904  Goetz,  Rev.  E.,  S.J.,  The  Obser- 

vatoiy,  Bnbtwajo. 

1897  Oiaham.   F.  G.  C,  Chaham'ii 

Town,  C.  C. 
1901  Oiant-Dalton,  A.,  M.I.C.E.,  Cape 

Govt.  Ballways,  Cape  Town. 
1899  Quj,  Charles  J.,  DepartttMit  of 

Mines,  Maritzburg. 
1904  Haarboff,  D.  J.,  M.L.A.,  Kim- 

berley. 

1906  Harger,  H.  &,  P.O.  Bos  1,946, 

Johannesburg. 
1906  Ball,  0.  L.,  ILA.,  F.G.£., Qookg. 
Survey,  Pretoria. 

1908  Havers,  P.,  SMlMiboaoh,  0.  0. 

1909  Hayward,  S.  H.,  Hotmeyr  Cham- 

bers, Cape  Town . 
1901  Uely-Utttohinson,  //./•:.,  The //an. 
flir  W.  F.,  G.C.M.G.,  Govem- 
mort  Qoose^  Oi^Town. 
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1902  Hei)irrt,  H.  A.,  African  Banking 
Coi'poration,  Cape  Town. 

1901  Hewat,  M.  L.,  M.D.,  Steyning. 

Biowfaray,  O.  0. 

1902  Hoop,  van  der,  A.  C,  Consul- 

Genertil  for  th«  Motherlands, 

Cape  Town. 
1809  Boogh,   S.  8m  ir.il.,  F.Il.8., 

Boy»\  Observatory,  C.  C. 
1889  Howard,  R.N.,lfJ2.C.£.,0'old^, 

C.  C. 

1896  Hogo,  Hen.  J.  D.,  Woxoiatar, 

ao. 

1891  Hotoheon,  D.,  M.It.C.V.S.,  Dept. 
Apriculture,  Cape  Town. 

1897  Ilutchins,  D.  E.,  FM.M.S.,  KenU- 

vovlh,  0.  0. 
1908  Innes,  B.  T.  A.,  Metoopologicnl 

Dept.,  Johannesburg. 
1906  Jagger,  J.  W.,  F.R.S.S.,  M.L.A., 

81  George's  8treet,  Cape  Town. 
1888  Janisoh,  N.,  Oolonlia  Ottee,  Gape 

Town. 

1908  Johnson,  J.  P.,  Boodepoort,  Trans- 
vaal. 

1908  Joriseen,  B.,  Box  806,  JolMniias* 

burg. 

1888  Juritz.  C.  F.,  .V..^..  GovemiUMlk 
Laboratory,  Cape  Town. 

1908  Keytel,  P.  C,  Brighton  Castle, 
Beach  Boad,  Gape  Toim. 

1908  Kilpin.  E.  F.,  r.^^.G.,  HooflOf  of 
Parliament.  Ciipo  Town. 

1902  Kipling,   Kudyard,  itottingdean, 

Brifl^itoB,  England. 
1896  Etching,   C.    McGowun,  JfJ)., 

Church  Street,  Cape  Town. 
1896  Kolbe,  Rev.  F.  C,  Ji.A.,  D.D., 

Si.  Mmt'b  Presbytery,  Cape 

Town. 

1900  Erapohl,  J.  H.  G.,  GOMor- 

dia,  C.  C. 

1905  Kynastou,  H.,  Qeolog.  Sarvey, 
Pretoria. 

1908  Lftdda,  J.  G.  McLear,  Gftpe  Otni. 
Railways,  Cape  Town. 

1903  Landsberg,      M^.,  Gape  Town. 

1900  Lawn,  Pnf.  J.  O.,  P.O.  Box  881. 

JohttlDesburg. 
1905  Lawrence,  F.  .7.,  Steytlerville,  C,  C. 

1901  Leslie,  T.  N.,  Yereeniging,  Irans- 

▼aaL 

1908  LewlM,  A.  J.,  Gorenunent 
I«bocaioi7,  Giye  Town. 


,904  Lewis,    F.    C.    South  AlliHB 

Library,  Cape  Town. 
.888  Lindiey.  J.  B.,  OJT.On 

COMeaoMMilk  G.  G. 
.892  Lithman,  K.      Dodc  Boal,  01*0 

Town. 

.901  Logeman,  W.  S.,  SouUi  Alrioan 

GoUege,  Cape  Tomm. 
.905  Long,  E.  C,  JTJtC^^  MMOTb 

Basutolfind. 
.895  Lounsbury,  C.  P..  B.Sc.,  Depart- 

ment  of  Agrlcoltare,  Cape  Town. 
1905  IiOvadft7.  T.,  SonOi  Altan  Ool- 

lege,  Cape  Town. 
.901  Lyle,   .L,    M.A.,   Grey  College, 

Bloemfontein,  O.  K.  C. 
.908  Uaberly,  J.,  M.E.C A^'Woohtmk, 

C.C. 

1899  McEwen,    T.    S..  A.M.I.C.F., 

General  Manager  Cape  Govt. 

Railways,  Cape  Town. 
LOOS  Ifaooo,  A.,  BIftMivt,  OatiiMiiy. 
L908  MaoDonald,    G.   B.  DfWIflilMi, 

Uniondale,  C.  C. 
L905  MacLean,  L.,  Union-Castle  Co., 

Gape  Town. 
L900  Macmillan,  B.  B.,  DepMlMnt  ol 

Agriculture,  Cape  Town. 
L902  Mallison,   P.   B.,   Hex  Biver, 

aa 

1800  Mtftf ,  G.        BMc^  (Htdmam, 

Texa.s. 

[894  Mally,    L.,    Belvedere  AvoniM, 

Cape  Town. 
L908  Uonn,  O.,  Sootfi  AfrioKB  llMOiio 

tlon,  Cape  Town. 

1898  Manser<,'h,C.  L.  W.,  PuMieWoito 
Department,  Cape  Town. 

L880  Ifailoth.  B.,  PA.Z}.,M.J.,  Chonsh 
Street,  Cape  Town. 

1897  Bfarshall,  G.  A.  K.,  F.E,S., 
F.Z.S.,  P.O.  Box  56,  Salis- 
bury, Southern  Bhodesia. 

1900  Maaqr,  F.  B.,  BhoiiO*  Bailiiii«i, 

Cape  Town. 
.899  Masson,  J.  L.,  Surveyoi.Genml^ 

Ofiioe,  Maritaborg. 
901  HMMhan,  G.  B^UtaM^nmh 

lands,  G.O. 

897  Meiring,  L  P.        H.,  WOMMlV, 

C.  C. 

.906  Mellor,  E.  T.,  B.8e.,  F.O.S., 
Ooflhigt  Surcyf  Pfettodna 

1901  IfrWll,  E.  H.  v.,  InUiijiphBu. 
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1903  Menmair,R.W.,ilJifXCJS.,  Wood- 
stock, a  0. 

190t  llMBMai.F.PMBhodMdaDMiiMiiii^ 
Bulawayo. 

1899  Millar,  A.  D.,  Durban,  Natol. 

1908  Ifilligan,  A.,  D' Urban. 

1899  Molbt,  J.  B.,  Kenflworth,  0.  0. 
1996  Mokngrafr,  G.  A.  F.,  PKD,,  P.O. 

Box  149,  Johannesburg. 
1905  Morris,  F.  M.,  M.ii.,  Hope  Street, 

CkpeTown. 
1996  ICoKiisoiiy  J»  T.,  lI,A,f  Bt8c»f 

F.B.S.E.,  Victoria Oolkee,  Stal- 

lenbosch,  C.  C. 

1899  Muir,  T.,  C.M.G.,  LL.D.,  F.R.S., 

DepartaiMDt  of  EdnetlkMiy  Gape 

Town. 

1903  Muiih.'ua,  J.  M.  P.,  F.S.S.,  Sel- 

wjn  Ciiambers,  St.  George's 
Street,  Gape  Town. 
1999  Muller,  H.  J.,  Willowmon,  0.0. 

1909  Nobbs,  E.,  Ph.D.,  Department  of 

Agriculture,  Cape  Town. 
1901  Noorden,  P.  M.  van,  Willowmore, 
0.0. 

1999  OftUey,  H.  M.,  The  Colonnade, 
Greenmaxket    Square^  Gi^ 

Town. 

1901  OUiioii,  0.  A.,   10,  Adderley 

Street,  Gape  Town. 
19M  O'Meara.  E.  A.,  D.5.O.,  P.O.  Box 
3,243,  Johannesburg. 

1902  O'Neill,  Rev.  J.  A.,  Dun- 

hnAft  Uitanhage,  G.  G. 

1904  Oppenheimer,  E.,  P.O.  BoK  979, 

Kimberley. 

1900  Orpen,  J.  M.,  Bulawayo. 

1909  Payne,  H.,  A.MJ.C.E.,  Bootti 
AMoaa  College,  Cape  Town. 

1909  Pearson,  H.  H.  W.,  M.A.,  F.L.S., 
South  Aihcan  College,  Cape 
Town. 

1899  P^ringuy,  L.,  i>.5e.»  F^,8,, 
F.Z.S.,  Sooth  African  Ifaaemii, 

Cape  Town. 
1909  Pickering,  F.,  M.LE.E.,  liaiiway 

Dept.,  Cape  Town. 
1909PiflkatoiM,   H.    E.  Y.,  Groot 

Drakcnstein,  Paarl. 
1904  Pollitt,  K.  B.,  ^JfXC J:;.,  Johan- 
nesburg. 

1999  PMti,  G.,  B.8c»,  Ph.D„  Bloem- 

(ontein. 

1901  Pxootor,     Geoxge,  C.  C. 


1896  PurceU,  W.  F.,  M.A., 
AMam  MDMam,  Cape 

Town. 

1899  Qneckctt,  J.  F.,  F./.f^.,  The 
Musfuni,  Durban,  NaUil. 

lUOl  lieunert,  T.,  M.I.C.E.,  P.O.  Box 
93,  Johaiwierinag 

1899  tan  der  Riet,  B.,  Ph.D.,  M.A., 

Victoria  GoUiQge,  StellenboMh, 
C.  C. 

1900  Bitehie,  W.,  M.A.,  Soath  African 

Gollege,  Cape  Town. 

1908  BitBO,  B.  W..  F.G.s.,  Public 

Works  Department,  Cupc  Town. 
1898  Bix  Tiott,  H.,  Pobte  lie&Unte, 
NowZMknd. 

1900  BobertMW,  G.  W.,  M.R.C.S.,  De- 

paitmeot  of  Agxiooltare,  Gape 
Town. 

1896  Bogers,  A.  W.,  M.A.^  F.G.S., 

Soath  AMoan  HoMnm,  Gb^e 

Town. 

1897  lioss,  A.,  F.Z.S.,  P.O.  Box  1,461, 

Johanneeburg. 
1990  BuseD,  W.  A.,  Jr.il.,  Bdocatioii 

Office,  Cape  Town. 

18'>0  Ryan,  P.,  Roscl)ank,  C.  C. 

1906  Sandberg,  JoakheerC.G.S.,I>.^'c., 
Box  806,  Johanneehoxg. 

1906  Saxtott,  W.  T.,  B.A.,  Soath 
African  College,  Cape  Town. 

1890  Schonlanil,  S.,  Ph.D.,  M.A.,  Al- 
bany Museum,  Graham'ti  Town, 
0.  G. 

1696  Schxeiner,  Hon.  W.  P.,  C.M.G., 
M.A.,K.C,,  I^yndale,  Mewlands, 
C.  C. 

1878  8ehuike-HoUway,H.C.,FJt.G.5., 
Simondimn,  Paarl,  0. 0. 

1806  Schwarz,  E.  H.  L.,  A.R.C.S., 
F.G.S.,  Albany  Museum,  Gra- 
ham's Town. 

1699  Solater,  W.  lu,  M,A,,  F^,8., 
South  Afrioan  MQMam,  Gap* 
Town. 

1905  Shepperd,  P.  A.,  Beira. 

1901  Shopperd,  H.P..  Stelknboeoh,G.G. 
1877  Silberbauer,  0,  F.,  Boodabofoh, 

c  c. 

1877  Smith,  the  Hon.  Sir  C.  Aber- 
crombie,  M.A.,  Wynberg,  C.  0. 

1909  Smith,  Hon,  G.  D.,  Gape  Town. 
1900  Stanford,  W.  E.  M.,  C.B.,  CJi.G,, 

Nativa  AffairsOl&ce,  Gape  Town. 
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1904  Stebbins  (M!ss),    I.    F.,  li.A., 

Hagaenot  Seminary,  Welliiigton. 

1908  SteTanson,  Sir  B.  SiBdAlr,  Jr.I>., 
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